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I^XXXII. 


ON  THE  MEOHANIOAL  PROPERTIES  OP  MATERIALS  OF 
CONSTRICTION, 

.WD  0\  VARIOUS  TREVIOUSLY  UNOBSERVED  PHENOMENA,  NOTICED    DURING   EXPERIMENTAL 
RESEARCHES  WITH  A  NEW  TESTING  MACHINE,  WITH  AUTOGRAPHIC  REGISTRY. 

A  paper  by  Prof.  E.  H.  Thukston,  Member  of  the  Society, 
Read  Apkel  4,  1874. 


Section  II. 

14.  Inteoductory. — The  preceding  section  lias  been  devoted  to  a 
description  of  tlie  peculiar  form  of  testing  machine  employed  by  the 
Avi-iter  during  these  researches,  to  an  account  of  the  general  method  of 
obtaining  from  any  material  an  autographic  record  of  its  mechanical 
properties,  and  to  the  interpretation  of  strain  diagrams  thus  obtained 
from  the  useful  metals  and  other  materials  of  construction. 

The  part  here  presented  contains  an  account  of  some  of  the  more  in- 
teresting and  fruitful  of  the  special  investigations  conducted  with  the 
apparatus,  and  embodies  a  description  of  certain  remarkable  and  hitherto 
unobserved  phenomena  accompanying  the  distortion  of  metals,  the  dis- 
covery of  which  must  aflfect  the  theory  of  the  effect  of  stress  in  producing 
strain,  and,  consequently,  must  somewhat  modify  engineering  practice. 

15.  Genekal  Deductions. — From  what  has  already  been  shown,  we 
may  deduce  the  following  resnml-  of  methods  of  determining  the  several 
more  important  properties  of  materials  by  an  inspection  of  their  strain 
diagi'ams. 


(1.)    To  determine  the  liomogeneousness  of  the  material. 

Examine  tlie  form  of  tlie  initial  portion  of  tlie  diagram  between  tlie 
starting  point  and  the  sudden  change  of  direction  which  has  been  shown 
to  indicate  the  elastic  limit.  Notice  also  its  inclination  from  the  vertical 
and  compare  with  it  the  inclination  of  the  "  elasticity  line." 

A  perfectly  straight  line  beneath  the  elastic  limit,  perfectly  parallel 
with  the  "  elasticity  line, "  shows  the  material  to  be  homogeneous  as  to 
strain;  i.  e.,  to  be  free  from  internal  strains,  such  as  are  i^roduced  by 
irregular  and  rapid  cooUng  or  by  working  too  cold.  Any  variation  from 
this  line  indicates  the  existence,  and  measures  the  amount,  of  strain.  A 
line  considerably  curved  as  in  No.  6,  Plate  I,  exhibits  the  existence  of 
such  strain. 

Next,  examine  the  form  of  the  curve  immediately  after  passing  the 
elastic  limit.  A  line  rising  from  the  elastic  limit,  regularly  and  smoothly, 
approximately  parabohc  in  form  and  concave  toward  the  base  Mne,  as  in 
No.  22,  indicates  homogeneousness  in  structure,  and  the  absence  of  such 
imperfections  as  are  produced  in  wrought-iron  by  cinder,  or  in  cast  metals 
which  have  been  worked  from  ingots,  by  porosity  of  the  ingot. 

A  line  turning  the  corner  sharply,  when  passing  the  elastic  limit,  and 
then  running  nearly  or  quite  horizontal,  as  in  other  irons,  and  in  the  low 
steel  of  Plates  II  and  III,  or  actually  becoming  convex  toward  the  base 
line,  as  with  some  of  the  woods  in  Plate  I,  and  then,  after  a  time,  re- 
suming upward  movement  by  taking  its  proper  paraboHc  path,  indicates 
a  decided  want  of  this  kind  of  homogeneity.  The  relative  length  of  the 
depressed  portion  of  the  line,  and  the  amount  of  depression,  measures 
the  relative  defectiveness  of  materials  compared  in  this  respect. 

Finally,  compare  the  diagrams  produced  by  several  specimens  of  the 
same  kind  of  material  or  from  the  same  mass.  Homogeneousness  in 
general  character  and  homogeneousness  in  comjiosition  are  proven  by  the 
precise  similarity  of  these  diagrams,  Avhile  a  gi-eater  or  less  variation  of 
the  curves  compared,  indicates  a  gi'eater  or  less  difference  in  the  speci- 
mens of  which  they  are  the  autographs. 

Materials  should  usually  exhibit  gi-eat  homogeneousness  in  all  these 
three  ways,  to  be  perfectly  reliable.  Perfect  homogeneousness  is  not  to 
be  expected  in  either  respect. 

(2.)    To  determine  (lie  elastic  resistance  of  the  specimen. 

Measure  the  height  of  the  curve  at  the  elastic  limit,  using  the  scale  of 
torsion,  or  for  tension,  which  is  given  for  each  machine  and  for  each 
standard  size  of  test-piece,  as  shown  in  the  accompanying  plates. 


(3.)  To  determine  the  ^-esistance  offered  to  any  (jiven  amount  of  extension, 
or  that  producing  a  given  set. 

Measure  the  ordinate   of  the  curve  at  the  iJoiut  whose  abscissa,  or 
distance  from  the  origin,  measui'es  the  assumed  degree  of  set. 
(4.)    To  determine  tlie  ultimate  resistance  of  the  material. 

Measure  in  a  similar  manner  the  maximum  ordinate  of  the  curve. 

(5.)  To  determine  the  resilience  o/  the  piece  within  the  elastic  limit ;  i.  e. 
the  work  required  to  produce  an  evident  and  permanent  set,  approxi- 
mately proportional  in  amount  to  the  degree  of  change  of  form  of  the 
specimen.  This  quantity  measures  the  power  of  the  material  to  resist 
blows,  and  its  determination  is  evidently  quite  as  important  as  that  of 
resistance  to  static  stress,  which  latter  forms  one  of  the  factors  of  the 
former. 

Measure  the  area  comprised  between  the  ordinate  of  the  curve  at  the 
elastic  limit  and  the  initial  part  of  the  ciTrve  ;  this  quantity  is  propor- 
tional to  the  required  value.  Or,  multiply  the  elastic  resistance  of  the 
material  by  the  extension  within  the  elastic  limit.  As  an  approximate  result, 
two-thirds  this  product  is  the  quantity  required  in  inch-pounds  or  foot- 
jDounds,  according  as  measures  of  extension  are  taken  in  inches  or  feet. 

(6.)  To  determine  the  resilience  of  the  material  ivithin  any  assumed  limit 
of  extension;  i.  e.,  the  magnitude  of  blow  required  to  produce  a 
given  set. 

Measure  the  area  of  the  curve  iip  to  the  assumed  limit,  as  for  example, 
the  area  in  Plate  III,  under  No.  21,  Z,  21,  21,  Y,  x,  where  the  assumed 
set  is  the  extension  from  Z  to  x.  Two-thirds  the  jiroduct  of  the  resist- 
ance measured  by  the  altitude  Yx,  and  the  extension  bx  gives  as  before 
an  approximate  value  for  ordinary  purposes. 

(7.)  To  determine  the  total  j-es/V/e^ce  or  shock  resisting  power  of  the 
material. 

Measure  the  total  area  of  the  diagram.  For  ductile  materials  an 
appi'oximate  value  is  obtained  by  taking  two-thirds  the  product  of  the 
maximum  tenacity  by  the  maximum  extension.  For  hard  and  very  brittle 
materials  one-half  the  same  product  gives  very  accurately  its  values. 
For  intermediate  qualities  the  true  value  is  more  nearly  two-thirds  this 
l^roduct,  also  Swedish  WTOught-iron,  white  cast-iron,  and  hardened  steel 
illustrate  the  first  and  the  second  classes  ;  ordinary  tool  steels  are  ex- 
amples of  the  third  class,  as  is  also  iron  like  No.  22. 

(8.)  To  determine  tlie  effect  of  a  load  given  in  jiounds  per  s([ii(n\-  inch  (f 
sti'ess. 


Find  a  point  in  the  curve  having  an  ordinate  which  measures  the 
given  stress.  The  abscissa  of  that  j^oint  measures  the  extension  under 
that  load.  In  other  words,  a  point  being  found  in  the  curve,  the  height 
of  which  above  the  base  hne  is  equal  to  the  load  per  square  inch,  its  dis- 
tance from  the  origin  measures  the  extension  of  the  material  as  produced 
by  that  stress. 

(9. )  To  determine  the  effect  of  a  blow  or  a  shocJv,  whose  measure  is  given  in 
inch-pounds  of  energy,  i.  e.  of  which  the  work  that  it  is  capable  of  doing 
is  known. 

Find  a  point  on  the  curve  whose  ordinate  cuts  off  an  area  between 
itself  and  the  origin,  rejiresenting  the  given  amount  of  work.  Or,  find 
such  a  point  that  two-thirds  the  product  of  the  stress  measured 
by  its  ordinate,  and  the  extension  corresiJouding  to  its  abscissa  is 
equal  to  the  number  of  inch-pounds  given.  The  position  of  this  point 
shows  the  maximum  strain  and  the  maximum  extension  of  the  material 
under  the  assumed  conditions.  Drawing  a  line  through  this  point 
parallel  to  the  nearest  "elasticity  line,"  the  distance  of  the  point  at 
which  it  intersects  the  base  line  from  the  origin  indicates  the  resulting 
set. 

(10.)  To  determine  the  effect  of  a  blow  upon  the  material,  when  already 
strained  by  a  dead  load. 

Determine  first  the  extension  produced  by  the  application  of  the 
static  stress,  as  in  (8),  and  then  find  that  point  on  the  curve  between  the 
ordinate  of  which  and  the  ordinate  of  the  point  indicating  the  strain  just 
found  as  due  the  dead  load,  an  area  is  intercepted  which  measures  the 
Avork  done  by,  or  the  energy  of,  the  shock  which  has  been  assumed  or 
calculated. 

15.  Examples. — Illustrations  of  the  first  seven  of  the  above  described 
processes  are  either  given  in  the  preceding  portions  of  this  paper,  or  will 
be  noticed  hereafter  during  the  progress  of  special  researches.  Those 
succeeding  may  be  illustrated  thus  : 

(1.)  Given,  a  load  of  30,000  pounds  per  square  inch.  Determine  its 
effect  upon  good  qualities  of  cast  and  wroiight  iron,  low  steels,  tool  steel 
and  the  weaker  metals. 

Referring  to  Plate  II  for  examples,  we  find  that  neither  cast  copper, 
lead,  tin,  nor  zinc  would  sustain  such  strain;  all  would  be  broken. 

Good  irons,  Nos.  1  and  6,  would  be  strained  beyond  their  limits  of 
elasticity,  and  would  take  a  set  after  an  extension  of  about  1  and  1^  per 
cent. ,  resi^ectively.     The  exceptional  iron.  No.  22,  would  be  strained  to  a 


point  wliicli  is  so  iiejirly  its  elastic  limit  that  it  W(juld  remain  practically 
Tininjiired. 

Tlie  low  steels,  Nos.  69,  67,  76,  would  l)ear  the  stress  with  a  similar 
degree  of  safety,  very  nearly.  The  first  would  have  a  considerable  margin 
of  safety  within  its  elastic  limit;  No.  67  would  be  nearly,  and  No.  76  would 
he  quite,  strained  to  the  elastic  limit,  wliile  No.  98  would  take  a  set  of 
about  one-fifth  of  one  per  cent. 

If  the  strain  Avere  torsional,  the  weaker  metals  Avould  be  twisted  off  by 
a  force  corresponding  to  that  here  assumed,  the  good  irons  would  take  a 
set  of  about  25<^,  the  best  iron  and  the  three  stronger  steels  would  take 
no  appreciable  set,  and  the  softest  of  the  latter  would  set  at  about  10". 
In  these  cases  the  specimens  are  supposed  of  standard  size.  For  other 
sizes  the  forces  producing  similar  effects  would  vary  as  the  cubes  of  the 
diameters. 

(2.)  Given,  the  magnitude  of  a  shock,  or  blow,  e.g.  as  equal  to  that 
due  a  weight  of  one  ton,  2,000  pounds,  falling  one  foot,  the  rod  taking 
the  strain  being  of  one  square  inch  area  of  section  and  one  foot  long. 
Determine  the  effect  for  each  of  the  above-named  materials. 

The  effect  of  this  blow  is  equivalent  to  an  expenditure  of  energy 
amounting  to  2,000  X  12  =  24,000  inch-pounds. 

The  weaker  materials,  not  possessing  an  ultimate  resilience  of  this 
amount,  would  be  broken. 

Forged  copper  would  be  strained  and  would  take  a  set  after  very 
nearly  120-  per  cent,  of  extension,  since 

0.12^-  X  12  X  ^^'QQQ  X  2^24,000 
o 

the  work  done  l)y  the  blow  being  equilibrated  by  the  product  of  two- 
thirds  the  resistance,  noted  at  110°,  Plate  II,  into  the  extension.  Per- 
fect accuracy  of  figures  may  be  insured  by  perfectly  accurate  measure- 
ments. 

The  specimen  ol  iron  No.  1  would  be  given  an  extension  and  set  of 
nearly  0.068,  since  the  resistance,  under  this  amount  of  stretch,  would  be 
approximately  45,000  pounds  per  square  inch,  and  the  work  during  ex- 
tension would  be 

0.068  X  12  X  ^^'QQQ^<J  =  24,000  inch-pounds. 

The  iron  of  special  grade  No.  22  would  be  elongated  0.058  =  0.69 
inch,  as 

0.069  X  12  X   ^M2^L><_^  =  24,000,  nearly. 
o 


6 

The  same  blow  would  produce  on  the  rod,  if  made  of  such  steel  as 
No.  09,  an  extension  of  0.0384  >;   12  =^  0.461  inches,  estimated  thus, 

+  =  24,000  -^  ^.78,000  =  0.461, 
it  being  found  by   "trial  and  error,"  that  the  extension  0.0384  developes 
a  maximum  resistance  of  78,500  pounds  i^er  squai'e  inch. 

It  is  evident  that,  where  extreme  accuracy  is  required,  the  curves 
should  be  transferred  to  a  new  scale  in  which  the  abscissas  should  be  a 
scale  of  elongation  instead  of  angular  distortion,  and  the  area  should  be 
carefully  measured.  *  For  the  latter  work  an  Amsler  "  Planimeter"!  is 
useful. 

(3. )  Given,  a  bolt  of  dimensions  as  last  assumed,  strained  with  the 
effect  of  a  load  of  30,000  pounds,  as  in  example  (1),  determine  the  effect 
of  a  blow  of  24,000  inch-pounds  energy,  occurring  while  the  bar  is  sus- 
taining the  static  load. 

The  effect  of  the  dead  load,  as  already  calciLlated,  is  to  jjroduce  a 
strain  upon  the  low  steels,  and  upon  iron  like  No.  22,  Avhich  would  keep 
them  extended  only  a  very  minute  fraction  of  their  original  length,  this 
extension  being,  even  with  the  latter  material,  but  0. 05  of  one  iJer  cent. 
The  effect  of  the  blow  would  be,  iDractically,  the  same  as  has  just  been 
estimated  for  the  unloaded  bar. 

Nos.  1  and  6  would  be,  as  ah-eady  shown,  extended  1  and  l-l-  per  cent. , 
respectively,  by  the  simple  load.     The  added  effect  of  the  blow  would  be 
to  produce  an  additional  extension  and  set  of  0.0533  and  0.0555  respec- 
tively, since  the  mean  resistance,  during  this  extension,  is 
45,000  -f  35,000  ^^^^^  42,000  +  30,000 

respectively,  and  the  extension  must  be, 

24,000  --   ^5,000  +  30,000  ^  12=  0.0533  and 

2 

24,000  -  42,000+30,000  ^  12=  0.0555 
2 
The  bar  is  stretched  in  the  first  case  0.64  inch  ;  in  the  second  0.666  inch, 
by  the  blow,  if  made  of  such  iron  as  that  of  specimens  Nos.  1  and  6. 

It  should  be  remarked  here,  that  although  the  diagrams  obtained 
from  the  various  materials  tested,  give  data  from  which  to  estimate  their 
relative  value  in  resisting  shock,  the  absolute  results  of  calculation,  with 
no  modification  for  varying  rapidity  of  action,  will  be  but  approximate. 


*  See  London  "  Engineer,"  Nov.  8th,  1872. 

t  It  is  evident  that  diagrams  accurately  representing  tests  made  with  the  common  testing 
machine  afford  similar  facilities  for  solving  these  problems. 


This  is  a  consequence  of  the  facts  that  the  inertia  of  the  body  struck 
^^■ill  affect  the  resnlt,  and  that  the  actual  resistance  varies  with  the  veh)- 
citr  of  rupture.  A  rod  which  \\-ill  sustain  safely  the  lilow  of  a  heavy 
l)ody,  Avould  \neld  readily  under  a  l)low  of  similar  energy  struck  by  a 
light  weight  moving  with  proportionally  increased  velocity.  The  mathe- 
matical investigation  of  this  effect,  which  has  not  hitherto  been  noticed, 
remains  to  be  given.  It  is  only  necessary  to  state  here  that  a  rod  of 
uniform  section,  and  homogeneous  in  structure,  will  be  uniformly  ex- 
tended by  a  force  slowly  applied.  A  blow^  received  at  one  end  will  extend 
it  most  at  the  portion  nearest  that  end,  and  the  more  rapid  the  blow  the 
more  is  its  effect  concentrated.  It  is  jjossible  to  i)roduce  actual  fracture 
at  one  end  by  a  very  rapid  blow,  and  for  rupture  to  become  comj)lete 
before  the  shock  is  felt  at  the  opposite  end.  This  action  is  seen  daily  in 
every  workshop  where  pieces  are  broken  from  heavy  masses  by  the  blow 
of  a  hammer. 

The  effect  of  a  blow  depends,  therefore,  not  only  on  the  magnitude  of 
that  product  of  mass  into  height  due  its  velocity  wiiich  we  call  vis  viva, 
but  also  upon  the  magnitude  of  the  factors.  It  further  follows  that  of 
two  materials  having  equal  tenacity  and  equal  ductility,  the  one  having 
greatest  density  wiU  be  most  liable  to  fracture  by  impact.*  This  infer- 
ence is  confirmed  by  experience. 

In  general  a  rod  should  be  somew  hat  larger  at  the  end  receiving  the 
shock,  and  this  enlargement  should  be  greater  as  the  blow  is  more  rapid. 
Conversely,  blows  of  equal  enei'gy  are  the  most  injurious  when  given  by 
bodies  of  light  weight  mo-sing  at  high  speed.  This  difference  is  exagger- 
ated by  any  cause  which  increases  the  density  of  the  material.  The 
variation  of  resistance  with  the  rapidity  of  rupture  vnR  be  considered 
more  at  length  hereafter. 

It  is  readily  seen  that  we  have  here  an  explanation  of  tlie  fact,  that 
fracture  produced  by  a  quick  lilow  is  granular  in  character,  w  hile  a  steady 
pidl  brings  out  the  '-fibrous"  texture  of  ii'on.  In  the  former  case  the 
action  is  concentrated  upon  a  cross  section  close  to  the  j^oint  at  which 
the  blow  is  received  ;  in  the  latter  instance  inertia  acts  less  effectively  in 
resisting  the  transmission  of  the  rupturing  force  to  other  portions  of  the 
piece,  and  the  di'awing  out  process  is  jiermitted  to  take  place. 

16.  Peculiak  Problems  sometimes  jiresent  themselves  in  practice 
which  cannot  be  solved  by  any  published  methods — why,  it  is  difficult  to 
say,  but  partly,  it  is  probable,  because  of  a  deficiency  of  experimental 

*  Mechanics'  Mag,,  Dec,  1871,  p.  492. 


data,  and  partly  because  known  authoidties  have  not  been  led  by  actual 
experience  in  engineering  practice  to  perceive  the  importance  of  their 
applications. 

Of  these  the  following  is  an  example  : 

To  determine  the  effect  of  a  succession  of  stresses,  whether  static  or  difaamic, 
each  of  which  strains  the  material  beymid  the  original  or  the  acquired  limit 
of  elasticity.  An  illustration  of  this  action  is  given  by  the  repeated  bend- 
ing, stretching,  or  other  form  of  distortion  by  external  force,  of  any 
material  producing  at  each  application  a  new  set.  The  same  case  is  illus- 
trated by  the  gradual  elongation  of  a  rod  by  repeated  blows,  the  energy 
of  each  of  which  exceeds  the  elastic  resihence  of  the  material. 

Determine  the  elastic  resilience  of  the  material  existing  pre\'ious  to 
the  application  of  each  stress,  by  taking  the  area  comprised  between  two 
lines  dravni  through  that  jjoiut  on  the  curve  of  the  material  chosen, 
whose  abscissa  rej^resents  the  existing  extension,  one  of  which  lines  is  an 
ordinate  and  the  other  of  which  is  parallel  to  the  nearest  "  elasticity 
line."  This  area  rej)resents  the  elastic  resilience  of  the  piece;  i.  e.  a 
blow  having  an  equivalent  energy  would  leave  the  piece  uninjured  and 
without  set.  Deducting  this  amount  from  the  energy  of  the  given  blow, 
the  remainder  of  the  work  done  by  that  blow  is  expended  in  producing 
set  or  extension,  and  may  be  determined  as  already  described. 

The  effect  of  a  simjile  force  may  be  determined  by  deducting  from 
the  total  distortion  produeted  by  each  application  of  that  force,  the 
elastic  range  of  the  material. 

It  is  thus  readily  ascertained,  in  either  case,  how  much  each  a25pliea- 
tion  will  add  to  the  set,  and  how  many  applications  will  be  required  to 
produce  rupture.  It  is  here  assumed  that  distortion  within  the  elastic 
limit  leavs  the  piece  uninjured,  however  often  it  may  be  repeated.  This 
assumption  seems  correct,  a  priori,  and  is  well  sustained  by  the  valuable 
researches  of  Wohler*  and  others,  f 

The  effect  of  repeated  bending,  or  other  form  of  strain,  can  thus  be 
inferred  from  an  examination  of  the  strain  diagi-am  of  the  material,  ob- 
taining from  a  single  experiment  a  determination  hitherto  only  obtained 
by  a  long  and  tedious  process  of  repeated  distortion.  Such  investigations 
of  the  "  fatigue"  of  metals  are  often  of  great  importance. 

17.  The  Effect  of  Time  on  Metals  left  undek  Stbain. — The  effect 


*  ZeiUchrift  fur  tfauwesen,  1860;    FeMgheitversuche  mil  Eisen  und  Stalil,  Berlin;  also  Lond. 
Engineering,  1871. 
t  Fairbairn :   Civil  Engimer  and  Architects'  Journal,  Vols.  XXIII,  XXIV. 
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of  stress  is  modified  when  metals  are  left  under  strain  for  considerable 
intervals  of  time.  It  had  generally'  been  supjiosed  that  this  effect  Avas  to 
weaken  the  resistance  whenever  the  material  Avas  left  exposed  to  a  strain 
exceeding  the  elastic  limit. 

This  idea  seems  sustained  by  the  experiments  of  M.  Vicat,  made  at 
Paris  about  forty  years  ago.*  He  states  that  four  wires  were  extended, 
respectively,  by  j,  },  ^  and  f  their  ultimate  resistance,  and  their  elonga- 
tions were  observed  and  recorded  at  intervals  of  one  year.  The  relative 
extensions  observed  indicated  a  gradual  lengthening  of  the  three  which 
were  strained  beyond  the  elastic  limit,  and  that  most  strained  finally 
broke,  after  sustaining  if  its  original  ultimate  breaking  weight  two  years 
and  nine  months,  the  jjoint  of  rupture  being  finally  determined  by  the 
action  of  corrosion  which  had  not  been  entirely  prevented. 

The  several  extensions  were  as  follows: 

No.  1,  sustaining  \,  33  months 0 .  000  jier  cent. 

No.  2,  "         i   "         "      0.275 

No.  3,  "         4,   "         "      0.409 

No.  4,  "         J,   "         "      0.613    '    " 

The  rate  of  extension  was  nearly  proportional  to  the  times,  and  the 
total  extension  to  the  forces.  M.  Vicat  concludes  that  metal  thus  over- 
strained Avdll  ultimately  break,  and  his  paper  has  caused  much  uneasiness 
among  members  of  the  profession,  as  indicating  a  possibility  of  the  ulti- 
mate failure  of  structures  having  originally  an  ample  factor  of  safety. 

The  elegant  and  valuable  researches,  also,  of  H.  Tresca,  on  the 
How  of  solids,  t  and  the  illustrations  of  this  action  almost  daily  noticed 
by  every  engineer,  seem  to  lend  confirmation  to  the  supposition  of  Vicat. 

The  experimental  researches  of  Prof.  Joseph  Henry,  on  the  viscosity 
of  materials,  and  whicti  j)roved  the  possibility  of  the  coexistence  of 
strong  cohesive  forces  with  great  fluidity,  J  long  ago  proved,  also,  the 
possibility  of  a  behavior  in  solids,  under  the  action  of  great  force,  an- 
alogf)Us  to  that  noted  in  more  fluid  substances. 

On  the  other  hand,  the  researches  of  the  Avriter,  as  descril)ed  in  the 
first  section  of  this  paper,  indicating  by  the  form  of  strain  diagrams,  that 
the  progress  of  this  flow  was  accompanied  by  increasing  resistance,  and 
the  corroboratory  evidence  furnished  by  all  carefully  made  experiments 
on  tensile  resistance,  as  those  of  King  and  Eodman,  Kirkaldy  and  Styffe, 
made  it  appear  extremely  doubtful  whether  materials  were  really  weak- 

*  Annates  de  Chimie,  et  de  Physique,  1834;  Tome  54  ;  p.  3.5. 

t  Sur  I'Ecoulement  des  corps  solides;  Paris,  1869-72.  +  Proc.  Am.  Phil.  Society.  1844. 
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enecl  by  u  continuance  of  any  stress,  not  originally  capable  of  producing 
incipient  rupture. 

18.  To  determine  this  point,  a  series  of  experiments  was  made,  the 
general  result  of  which  was  first  formally  announced  in  a  note  .to  this 
Society,*  in  which  the  first  experiment,  commenced  during  the  session  of 
the  National  xicademy  of  Science  at  the  Stevens  Institute  of  Technolog_y, 
was  described,  and  in  which  the  first  deductions,  since  slightly  modified 
by  an  extended  investigation,  were  given.  In  Plate  III,  No.  16,  is  a  fac 
simile  of  the  strain  diagram  obtained  at  the  first  experiment. 

A  piece  of  iron,  of  a  good  quality  of  metal,  but  badly  worked,  as 
shown  in  the  sketch  ah'eady  given  in  Section  1,  was  placed  in  the 
machine  and  sti'ained  considerably  beyond  its  elastic  limit.  It  was  then 
left  twenty-four  hours  under  the  strain  thus  jiroduced  at  A,  Plate  III. 
At  the  end  of  this  period,  the  pencil  was  found  precisely  as  it  was  left, 
and  not  the  slightest  evidence  of  yielding  was  noted.  The  slight  depres- 
sion observed  in  many  examples  to  be  given,  is  produced  by  a  sUght 
compression  of  the  wood  used  in  blocking  the  machine  at  the  beginning 
of  the  interval.     No  evidence  of  flow  was  therefore  obtained. 

Upon  attempting  to  produce  further  change  of  form,  however,  the 
unexpected  discovery  was  made  that  the  test-piece  had  acquired  an  in- 
creased resisting  power.  The  pencil,  instead  of  following  the  general 
direction  taken  the  day  previous,  rose,  as  seen  in  the  diagram,  until  a 
resistance  was  indicated,  exceedhui  bi/  near/j/  30  ^:»er  cei/f.  that  shown  be- 
fore the  specimen  was  left  under  strain.  This  resistance  having  been 
overcome,  the  piece  yielded  with  a  slightly  decreasing  resistance,  and, 
after  considerable  additional  distortion,  was  left  at  B  twenty-four  hours. 
The  result  of  the  second  experiment  is  seen  to  lie  an  increase  of  nearly 
15  per  cent. ,  and  a  third  trial  at  C  gave  a  small,  but  stiU  perceptible, 
gain  also. 

This  singular  phenomenon  appeared  so  remarkable  and  so  important 
that  experiments  were  continued  upon  various  grades  of  iron,  and 
upon  other  metals,  the  greatest  care  being  taken  to  avoid  any  possible 
source  of  error.  Several  strain  diagrams  are  given  illustrating  some  of 
these  experiments. 

No.  10  represents  that  of  a  piece  of  good  iron  which  is  far  more  homo- 
geneous and  better  worked  than  No.  16. 

No.  68  is  a  piece  of  "  Siemens-Martin  steel"  which  was  left  under 

*  See  Trans.  Am.  Soc.  C.  E.,  Nov.  1873:  Journal  Franldin  Institute;  March,  1874. 
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strain,  at  ^1,  twenty-four  hours,  and  aVB  an  equal  length  of  time.  In 
the  latter  ease,  the  applied  force  was  wholly  removed,  at  the  end  of 
twenty-four  hours,  before  an  attempt  was  made  to  produce  further  change 
of  form.  On  renewing  the  strain  the  resistance  is  seen  to  have  acquired 
an  increased  intensity  very  neai'ly  absolutely  equal  to  that  shown  at  A, 
and  relatively  greater,  a  fact  which  will  be  found  to  aid  in  the  determina- 
tion of  the  real  character  of  the  phenomenon.  A  third  experiment,  at 
C,  shows  a  repetition  of  this  action,  and  a  fourth,  similar  to  that  at  B,  in 
all  except  time — for  in  the  last  experiment  the  time  was  but  a  fraction  of 
an  hour — gave  a  similar  resiolt.  In  each  case  it  is  noticeable  that  a  slight 
faU  from  the  maximum  attained,  follows  the  yielding  of  the  test-piece. 

No.  33,  malleable  cast  iron,  No.  52,  double  shear  steel,  and  No.  81, 
tool  steel,  all  exhibit  this  same  stiffening  under  prolonged  strain. 

No.  17,  "homogeneous  chrome  iron."  Avas  subjected  to  experiment 
four  times.  At  A,  the  effect  is  very  marked,  and  the  resistance  to  further 
change  of  shape  continues  to  increase  slowly  until  left  at  B  for  a  second 
trial.  The  maximum  attained  at  B  is  not  sustained,  as  further  distortion 
occurs,  and,  after  a  slight  decrease,  the  specimen  was  again  left,  the 
pencil  resting  at  C. 

Next  day,  the  increase  of  resistance  was  found  less  considerable  than 
at  the  previous  experiment,  and  the  line,  after  passing  a  maximum  a  few 
degrees  beyond,  falls  quite  rapidly.  Fearing  that  the  metal  was  about  to 
rupture  completely,  it  was  left  once  more  at  D,  another  day,  after  which 
time  its  behavior  was  similar  to  that  on  earlier  trials.  It  fully  regains 
the  maximum  power  of  resistance  noted  after  the  trial  at  C,  and,  before 
mixture,  it  even  slightly  exceeds  it. 

The  hardest  material  experimented  upon  was  the  very  hard  chrome 
steel.  No.  21.  Left  at  A  three  days,  the  resistance  at  that  degree  of 
distortion  was  increased  about  8  per  cent.,  and,  again  at  B,  four  days 
under  strain  gave  a  rise  of  nearly  4  per  cent,  after  which  a  considera- 
ble rise  occurred,  in  the  ordinary  manner,  before  rupture  took  place. 

An  interesting  experiment  was  made  with  the  best  Swedish  iron,  a 
metal  of  such  wonderful  purity  and  ductility  that  one  specimen,  of 
standard  size,  was  twisted  nearly  600  '  before  completely  breaking  off. 

No.  101,  Plate  III,  is  the  strain  diagi-am  of  the  specimen  tested  for 
the  purpose  of  determining  the  effect  of  continued  stress.  Here,  as 
seems  frequently  the  case,  a  loss  of  ductility  apparently  accompanies  the 
increase  of  resistance  and  the  total  resilience  appears  to  be  comparatively 
slightly  altered. 
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This  specimen  was  strained  nntil  the  limit  of  elasticity  Wii-s  just  passed 
and  was  then  left  at  A  one  daj.  The  resnlt,  -with  even  the  slight  distor- 
tion of  but  6"2,  producing  an  extension  of  a  very  minute  amount, 
is  similar  to  that  before  noticed,  and  the  behavior  here  exhibited  prob- 
ably gives  a  chie  to  the  causes  of  this  peculiar  action.  After  this  trial, 
several  others  were  made,  and  the  metal  is  seen  to  have'  behaved  in  a 
manner  precisely  similar  to  the  other  grades  of  iron. 

19.  Reviewing  all  of  the  large  number  of  experiments  made  since  the 
discovery  of  this  effect  of  continued  strain,  carefully  comparing  the 
curves  obtained  with  each  other,  and  with  the  diagrams  obtained  in  the 
ordinary  way,  and,  finally,  making  a  comi^arison  of  the  conclusions  drawn 
from  this  research,  wdth  the  results  of  the  experimental  work  of  other  in- 
vestigators, the  writer  has  been  led  to  the  foUo^\•ing•,  as  the  most  prob- 
able explanation  of  this  singular  molecular  phenomenon. 

These  strain  diagrams  are  the  loci  of  the  successive  limits  of  elasticity 
of  metal,  at  successive  positions  of  set. 

The  j)henomeno)i  li.ere  discovered  is  an  elevation  of  the  limit  of  elasticiti/ 
hi/  a  continued  strain.  The  cause  is  probably  a  gradual  release  of  internal 
strain,  occurring  in  a  somewhat  similar  manner  to  that  observed  previ- 
ously in  cast  iron  in  large  masses,  and  less  frequently,  and  generally  in 
a  less  marked  degree,  in  wrought-iron  and  other  metals,  which  have  been 
worked  in  large  pieces,  and  in  which  such  strain  has  been  more  or  less 
reduced  by  a  period  of  rest.  *  This  loss  of  strength  in  large  masses  of 
wi'ought  iron  is  stated,  by  Mallet,  to  amount  frequently  to  one-half,  f 

20.  The  manner  in  which  this  reduction  of  internal  strain  occurs,  by 
continued  stress  at  the  limit  of  elasticity,  as  here  observed,  may  be  readily 
conceived. 

When  the  metal  is  thus  strained,  many  sets  of  molecules  are  placed  in 
positions  in  which  they  exert  a  maximum  effect  tending  to  produce  mole- 
cular changes  Avhich  may  equalize  the  originally  irregular  distribution  of 
inter-molecular  stresses.  After  a  time,  the  change  actually  takes  place  by 
"flow,"  and  the  resisting  power  of  the  piece  becomes  increased,  and  its 
limit  of  elasticity  raised,  simply  because  its  forces  are  now  no  longer 
divided,  and  may  act  together  in 'resisting  external  forces.  The  diagram 
itself  exhibits  the  best  evidence  of  the  occurrence  of  flow,  but  it  is  also 

*  Compare  London  "  Iron,"  Stability  of  Iron  Structures,  Feb.,  1874;  Van  Nostrand's  Maga- 
•  zine,  April,  1874. 

t"On  the  Coefficients  of  Elasticity  and  Rupture  in  Wrought  Iron  in  Relation  to  the 
Volume  of  the  Mass,  its  metallurgic  Treatment  and  the  axial  Direction  of  the  constituent 
Crystals."     Proc.  Inst.,  C.  E. 
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shown  by  an  inspection  of  the  broken  si^ecimen,  as  in  Figures  6,  7  and. 
11,  of  Section  I. 

It  was  at  first  suspected  that  an  action  liad  been  detected  in  this 
phenomenon,  similar  to  that  by  which  the  "portative  force"  of  a  magnet 
is  increased  b}^  loading  its  keeper  more  and  more  heavily  until  it  becomes 
"  supersaturated. "  It  is  not  impossible,  perhaps  not  improbable,  that  the 
two  cases  are  similar,  in  some  resjjects,  this  behavior  of  the  cohesive 
force  in  the  j^resent  example,  aiding  to  produce  the  extraordinary  increase 
of  resisting  power  here  observed. 

A  comparison  of  the  ductility  registered  by  samples  variously  treated 
lends  some  confirmation  to  the  supposition,  formerly  expressed,  that,  in 
all  cases,  the  resilience  does  not  increase  in  the  same  proportion  as  the 
increase  of  mean  resistance,  as  a  consequence  of  sustained  stress,  and 
this,  if  a  fact,  may  possibly  be  considered  as  corroborating  the  idea  just 
suggested.  * 

The  discovery  of  this  elevation  of  the  elastic  limit  in  all  metals 
examined  is  also  probably  confirmatory  of  this  idea. 

If  the  explanation,  just  offered,  of  the  apparent  strengthening  action 
of  prolonged  stress  is  correct,  the  conclusions  of  Vicat  are  not  over- 
thrown, although  evidently  not  fully  justified  by  his  own  experiments, 
and.  although  the  intervening  forty  years  of  engineering  practice  have 
not  produced  evidence  which  may  be  considered  as  confirmatory  of  them. 

The  same  molecular  movement,  or  flow,  which  rearranges  the  internal 
forces  and  reUeves  internal  strain,  may  be  a  j^hase  of  that  viscosity  which 
Vicat  suijposed  might  in  time  permit  rupture  of  metal,  subjected  to 
stress  nearly  approaching  its  original  ultimate  resistance,  the  one  action 
being  a  more  immediate  result  than  the  other,  and  the  latter  j)rodueing 
its  effect,  even  when  cohesive  force  may  have  been  actually  intensified. 

*  Since  the  above  was  written,  the  Journal  of  the  Franldin  Institute  has,  in  the  issue  for 
March,  187i,  given  an  account  of  experiments  made  by  Com'd'r  Beardslee,  U.  S.  N.,  during 
which  metal  strained  beyond  the  elastic  limit  by  tension,  exhibited  a  gain  of  resistance  at  a 
position  of  earliest  set,  i.e.,  an  elevation  of  the  elastic  limit,  from  23,075  to  26,100  pounds  per 
square  inch,  13.1  per  cent.,  in  seventeen  hours.  The  material  was  bloom  iron  turned  approxi- 
mately to  one-half  square  inch  section. 

A  very  important  fact  noted  by  the  experimenter  is  that  an  apparent  positive  action  was 
observed  in  the  metal  under  strain  by  which  the  scale  beam  was  actually  thrown  up  by  a  force 
measuring  12.5  pounds.  If  this  observation  is  not  erroneous,  or,  if  the  action  was  not  due  to 
some  accidental  circumstance,  we  may  have  here  a  measure  of  the  intensifying  effect  above 
described. 

Commander  Beardslee  has  communicated  to  the  writer  the  experimental  confirmation  of 
the  fact,  deducible  from  the  explanation  here  given,  that  tliis  release  of  internal  strain  occurs 
to  a  nearly  equal  extent  if  the  strained  piece  is  simply  laid  aside  for  a  similar  interval  after  it 
has  been  given  a  set. 
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Should  tliis  prove  to  be  tlie  fact,  it  would  seem  allowable  to  conclude 
that  the  forces  of  i^olarity  and  cohesion  are  not  identical.  The  cause  of 
the  apparent  increase  of  strength  of  iron,  with  increase  of  temperature, 
is  seen  to  be  explained  by  this  relief  of  internal  strain,  which  occurs 
most  readily  at  high  temperatures. 

The  experiments  of  the  writer  have  not  indicated  the  possibility  of 
continued  flow,  and,  consequently  of  ultimate  rupture,  except  under 
stress,  increasing  in  intensity  iip  to  the  full  maximum  resistance  of  the 
material.*  They  do  not,  therefore,  confirm  Vicat's  deductions,  and  the 
inference  would  seem,  on  the  contrary,  to  be — that  structures  of  metal 
do  not  become  weakened  with  age,  except  as  injiiry  occurs  by  corrosion, 
or  by  overloading.  The  experiments  of  Roeblingf  and  his  opinion,  as 
expressed  in  his  report  on  the  Niagara  Supension  Bridge,  are  apparently 
correct. 

Kirkaldy,  also,  concludes  that  the  additional  time  occupied  in  testing 
certain  specimens  of  which  he  determined  the  elongation  ' '  had  no  in- 
jurious effect  in  lessening  the  amount  of  breaking  strain.  "J  An  examina- 
tion of  his  tables  shows  those  bars  which  were  longest  under  strain  to 
have  had  highest  average  resistance. 

21.  Wertheim  supposed  that  greater  resistance  was  offered  to  rapidly, 
than  to  slowly,  produced  rupture  ;  Kirkaldy  concludes  that  the  contrary 
is  the  case.  Kedteubacher^  and  Weisbach||  assume  the  law  of  resistance 
to  be  the  same  beyond  the  limit  of  elasticity  as  within  it,  and  deduce 
formulas  for  resistance  to  shock  which  are  widely  inaccurate. 

The  experiments  of  the  writer  prove  that,  as  had  akeady  been  indi- 
cated by  Ivirkaldy  (whose  results,  however,  had  been  looked  on  by  many 
of  the  profession  with  some  suspicion),  a  lower  resistance  is  offered  as  the 
stress  is  more  raj^idly  applied.  This  conspires  Avith  vis  viva  to  produce 
mixture. 

This  is  seen  at  u-,  No.  101,  Plate  III,  where  a  sudden  increase  of  velo- 
city produced  a  dej)ression  of  the  line,  at  the  angle  110°,  and  it  is 
exhibited  in  a  much  more  marked  degree  in  No.  118. 

In  the  latter  example,  the  strain  Avas  gradually  aj)plied  until  the  jaoint 
a  was  reached,  when,  with  a  suddenly  ai^iilied  force,  a  motion  estimated 
at  about  one-tenth  of  a  foot  per  second,  was  obtained  and,  immediately 
at  b,  the  resistance  feU  off'  very  considerably,  the  pencil  dropping  to  c. 


*  Compare  Kirkaldy — Experiments  on  Wrought  Iron  and  Steel — pp.  62-69;  also  see  the  plates 
given  by  Styffe,  exhibiting  curves  for  tension. 

t  Journal  Franklin  institute,  1860;  Vol.  XL,  p.  360.  §  Der  Maschimenhau,  Vol.  I. 

t  Experiments  on  Wrought  Iron  and  Steel,  pp.  62,  83.  II  Mechanics  of  Engineering,  etc. 
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Again  resuming  the  slowest  movement,  about  one  hundredth  of  a  foot  or 
less  per  second,  resistance  rose  again  to  d.  A  rejjetition  of  the  rapid 
movement  between  d  and  b ' ,  was  followed  by  a  loss  of  resistance  again 
from  h'^  to  cS  and,  as  is  seen  by  the  diagram,  this  occurred  whenever  the 
experiment  was  repeated.  At  k,  distortion  by  a  very  slow  movement  was 
resumed,  and  continued  xintil  the  specimen  broke.  Here  we  have  j)rob- 
ably,  the  first  direct  determination  of  this  question,  in  which  the  effect 
of  ^ns  viva  does  not  appear. 

We  may,  therefore,  conclude  that  the  rapidity  of  action,  in  cases  of 
shock,  and  where  materials  sustain  live  loads,  is  a  very  irnportant  element 
in  the  determination  of  their  resisting  power  not  only  for  the  reason 
given  already  in  paragraph  3  of  this  section,  but  because  the  more  rapidly 
the  metal  is  ruptured,  the  less  is  its  resistance  to  rupture.  This  loss  of 
resistance  is  about  15  per  cent.*  in  No.  118. 

The  cause  of  this  action  we  may  presume  to  bear  a  close  relation  to 
that  operating  to  j)roduce  the  opposite  phenomenon  of  the  elevation  of 
the  elastic  limit  by  prolonged  stress,  and  it  may  probably  be  simply 
another  illustration  of  the  effect  of  internal  strain. 

With  a  very  slow  distortion,  the  "flow"  already  described  occurs, 
and  but  a  small  amount  of  internal  strain  may  be  produced,  since,  by  the 
action  noticed  when  left  at  rest,  this  strain  relieves  itself  as  ra^jidly  as 
produced.  A  more  rapid  distortion  produces  internal  strain  more  rapidly 
than  relief  can  take  place,  and  the  more  quickly  it  occurs,  the  less 
thoroughly  can  it  be  relieved,  and  the  more  is  the  total  resistance  of  the 
l^iece  reduced.  Evidence  confirmatory  of  this  explanation  is  found  in  the 
fact  that  bodies  most  homogeneous  as  to  strain  exhibited  the  least  of 
these  effects. 

It  does  not  seem  impossible  that,  at  extremely  high  velocities,  the 
most  ductile  substances  may  exhibit  similar  behavior,  when  fractured  by 
shock,  or  by  a  suddenly  applied  force,  to  substances  which  are  really 
comparatively  brittle. 

In  the  production  of  this  effect,  which  has  been  frequently  observed 
in  the  fracture  of  iron,  although  the  cause  has  not  been  recognized,  the 
inertia  of  the  mass  attacked  and  the  actual  depreciation  of  resisting  power 
past  observed,  consi^ire  to  produce  results  which  would  seem  quite  inex- 
l^licable,  except  for  the  e'sadently  great  concentration  of  energy  here  re- 
ferred to  which,  in  consequence  of  this  conspiring  of  inertia  and  reduced 


*  Compare  Kirkaldy,  p.  83,  where  experiments,  which  are  possibly  aflfected  by  the  action  of 
vis  viva  indicate  a  very  similar  effect. 
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resistance,  brings  the  total  effort  upon  a  comparatively  limited  portion  of 
the  material,  producing  the  short  fracture  with  its  granular  surfaces, 
which  is  the  well  kno-\vn  characteristic  of  sudden  rupture. 

Any  cause  acting  to  produce  increased  density,  as  reduction  of  tem- 
perature, evidently  must  intensify  this  action  of  suddenly  applied  stress. 

The  liabihty  of  machinery  and  structures  to  injury  by  shock  is  thus 
greatly  increased,  and  it  is  quite  uncertain  what  is  the  proj)er  factor  of 
safety  to  adopt  in  cases  in  which  the  shocks  are  rapidly  produced.  This 
uncertainty  must  remain  until  further  experiment  shall  be  made  the  basis 
of  a  correct  mathematical  expression  of  the  natural  laws  involved  in  the 
problem. 

Meantime  the  precautions  to  be  taken  by  bhe  engineer  are :  To  pre- 
vent the  occurrence  of  shock  as  far  as  possible,  and  to  use  in  parts  ex- 
posed to  shock,  light  and  elastic  members,  compose^  of  the  most  ductile 
materials  available,  giving  them  such  forms  as  shall  distribute  the  distor- 
tion as  iiniformly  and  as  widely  as  possible. 

22.  The  behavior  of  materials  subjected  to  sudden  strain  is  thus  seen 
to  be  so  considerably  modified  by  both  internal  and  external  conditions, 
which  are  themselves  variable  in  character,  that  it  may  still  prove  quite 
diflficult  to  obtain  mathematical  expressions  for  the  laws  governing  them. 
It  is  not  improbable,  however,  that  an  approximation,  of  sufficient 
accuracy  for  aU  cases  which  frequently  arise  in  practice,  may  be  obtained 
by  a  study  and  comparison  of  experimental  results  obtained,  as  above,  by 
the  method  here  adopted,  and  one  which  seems  peculiarly  adopted  to 
the  work. 

A  carefully  conducted  series  of  experiments  giving  quantitative  results 
would  be  of  gi'eat  value.  Without  such  a  research  no  reliable  knowledge 
can  be  obtained  of  the  law  of  deisreciation,  and  no  useful  formulas  can  be 
devised  for  use  in  calculation.  The  experiments  made  by  the  writer  are 
not  yet  sufficiently  numerous  or  precise  to  seiwe  as  data  from  which  to 
deduce  equations. 

23.  The  Elasticity  of  the  Metals. — The  examination  of  the  "elas- 
ticity line  "  wiU  be  found  to  present  some  facts  of  interest. 

It  will  be  seen  that,  in  every  case,  the  line  produced  by  the  descent  of 
the  pencil  is  not  precisely  coincident  with  that  formed  by  its  rise.  This 
is  not  diie  to  the  friction  of  the  machine,  as  that  would  not  cause  the  de- 
cided difference  observable  in  the  form  of  the  curve.  It  may  be  partly 
due  to  the  fact  that  the  set  produced  is  partly  temporary.* 


*Morin,  Resistance  cles  Materiaux,  p.  10. 
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An  attempt  was  made  to  determine  its  law  by  the  following  method: 

A  steam  gange  having  a  recording  apparatus,  in  which  the  paper  was 
moved  horizontally,  at  a  uniform  rate,  by  a  well-constructed  clock,  was 
kindly  furnished  by  the  Messrs.  Edson,  of  the  New  York  Recording 
Gauge  Co. 

This  was  set  up  by  the  side  of  the  machine,  upon  a  stand  on  which 
coTild  be  clamj)ed  the  test  piece.  The  latter  carried  a  light,  long  pencil 
holder,  so  arranged  as  to  traverse  the  pajjer  in  a  direction  at  right  angles 
to  that  of  the  motion  given  it  by  the  clock.  An  angular  motion  in  the 
specimen  of  0.05°  would  be  readily  observed.  The  specimen  was 
given  a  degTee  of  torsion  of  from  10°  to  360^,  in  different  cases,  and  was 
then  rapidly  transferred  to  the  stand,  where  the  restoration  of  form 
would  record  itself  upon  the  mo\ing  paper,  forming  a  curve  of  which  the 
ordinates  would  represent  the  restoration  of  form,  and  the  abscissas 
would  be  pi'oportional  to  the  time. 

In  all  cases  observed,  the  restoration  of  form,  by  loss  of  temporary 
set,  was'  so  rapid  as  to  have  become  completed  before  the  specimen  could 
be  placed  in  the  recording  apparatus,  and  the  record  made  a  straight  line 
invariably. 

The  conclusion  which  has  finally  been  deduced  from  a  study  of  the 
diagrams  obtained  is,  that  the  peculiar  feature  here  alluded  to  is  a  conse- 
quence of  an  internal  molecular  friction,  the  existence  of  which  has 
ah'eady  been  long  susj)ected  by  the  writer,  and  probably  by  many  other 
experimenters. 

An  illustration  of  a  similar  action  probably  occurs  in  the  behavior  of 
iron  ixnder  magnetic  action.  Magnetization  jsroduced  in  bars  of  various 
qualities  of  iron  and  steel  during  important  researches  of  Dr.  Joule*  a;nd 
Prof.  Tyndal,t  proved  this  behavior  to  be  common  to  all,  when  the 
change  of  form  was  produced,  within  a  very  minute  range  even,  by  mag- 
netic force.  Dr.  Mayer  has  more  recently  J  examined  this  peculiar  form 
of  molecular  action  with  gi-eat  skill  and  thoroughness.  Its  existence  is 
undoubtedly  well  i^roven,  and  the  lines,  above  referred  to,  on  the  strain- 
diagrams  seem  to  exhibit  its  effect  very  clearly.  Possibly  the  rise  from 
/  to  /7,  No.  118,  Plate  III,  is  due  to  such  friction. 

24.  The  evident  proof  found,  in  the  parallelism  of  aU  elasticity  lines 
in  each  diagram,  of  the  fact,  first  noted  by  some  of  the  earliest  experi- 

*  Pldlosophical  Magazine;  1874.  '\ Researches  on  Diamagnetisni,  etc.,  1870. 

+  "  Effects  of  Magnetism  in  changing  dimensions  of  iron  and  steel  bars,"  by  A.  M.  Mayer,  Pli. 
D.;  Steven's  Institute  of  Technology;  1872.     American  Journal  of  Science  and  Arts;  1873. 
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menters  in  tliis  field,  that  elasticity  remains  quite  unimpaired  up  to  the 
point  at  which  rupture  commences,  has  been  already  adverted  to. 

Coulomb  describes  a  series  of  curious  and  instructive  experiments 
which  may  assist  in  determining  the  molecular  action  occurring  in  these 
instances  where  great  distortion  and  great  permanent  displacement  of 
particles  takes  place  without  loss  of  elasticity.  * 

He  found  this  to  occur,  not  only  with  metal  wires,  but  with  threads  of 
fine  clay,  1^2  of  an  inch  in  diameter  and  11  feet  long,  which  could  be 
twisted  5-^  turns  repeatedly  without  set  and  without  apj)arent  loss  of 
elasticity.  Turning  the  thread  through  a  wider  range  of  torsion,  it 
always  returned  but  5^  revolutions,  and  in  each  new  position  of  set  ex- 
hibited the  same  elasticity  as  before. 

The  explanation  of  this  action,  as  illustrated  by  the  strain  diagrams  of 
Plates  II  and  III,  and  by  Coulomb's  experiments,  is  probably  also  to  be 
found  in  the  phenomenon  of  flow  of  solids.  The  restoration  of  cohesion, 
in  bodies  actually  separated,  exhibits  the  extent  to  which  this  action  may 
proceed.  Two  freshly  cut  surfaces  of  lead  Avheu  brought  together,  \\dth 
a  moderate  pressure  cohere  firmly,  and  plates  of  glass,  laid  one  upon 
another,  sometimes  "seize"  each  other  so  firmly  that  they  are  cut  and 
worked  as  one  i:)iece.  f  The  Avelding  of  iron  is  another  and  a  very  familiar 
illustration  of  the  same  action.  Cohesion  may  therefore  be  actually  de- 
stroyed and  renewed,  and  molecules  may  move  among  each  other,  changing 
completely  their  relative  positions,  without  loss  of  either  strength  or 
elasticity. 

The  result  of  these  experiments  on  metal  are  important  as  exliibiting 
the  error  of  the  oj^inion  hitherto  entertained  by  many  physicists  and  en- 
gineers, among  whom  was  the  writer,  J  that  straining  metal  might  weaken 
it,  even  when  rui^ture  did  not  commence,  and  even  where  no  condition  of 
internal  strain  was  induced.  It  has  been  here  shown  that  elasticity  re- 
mains unimpaired,  and  resistance  continually  increases  up  to  the  i^oint 
at  which  incipient  fracture  takes  place.  No  well  proven  exception  to 
this  law  has  been  observed. 

25.  While  comparing  the  inclination  of  the  elasticity  lines  with  the 
initial  line,  to  determine  the  pressure  and  the  amount  of  internal  strain, 
it  has  been  noticed  that  more  or  less  strain  seems  ahnost  invariably  to 
exist,  but  that  the  amount,  as  indicated  by  the  difference  in  inclination  of 

*  Lecture  Notes  on  Physics;  Mayer.    Journal  Franklin  Institute,  1868. 
t  Miller:  Chemical  Physics;  p .  67. 
+  Journal  Franklin  Institute. 
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the  two  lines,  is  uot  always  as  well  sliowu  by  the  greater  or  less  curvature 
of  the  initial  portion  of  the  diagram.  The  probable  reason  would  seem  to 
be  that  this  strain  is  not  always  uniformly  distributed.  Were  the  strain 
considerable  and  uniformly  distributed,  the  initial  line  would  be  strongly 
convex  toward  the  base  line,  and  would  have  the  paraboUc  form.  Absence 
of  strain  is  indicated  by  a  straight  line  rising  regularly  to  the  elastic  limit, 
or,  in  many  cases  where  the  elastic  Kmit  is  very  low,  and  when  the 
material  is  inelastic  and  flows  -ndthout  tendency  to  recoil,  concave  toward 
the  base,  and  parabolic.  Irregularly  distributed  strain  would  modify  the 
parabohc  curve,  and  the  amount  of  strain  would  determine  the  total 
curvature. 

The  initial  and  elasticity  lines  have,  therefore,  great  interest  as  reveal- 
ing important  and  otherwise  unrecognizable  properties  of  the  matei'ial. 

It  has  been  remarked  that  the  difference  of  inclination  just  referred 
to,  j)roves  the  truth  of  the  assertion  of  Hodgkinson  that  every  load  pro- 
duces a  set.  It  can  now  be  readily  seen  why  this  should  usually  be  the 
fact,  and  also  that,  although  it  is  true,  it  does  not  necessarily  indicate 
injury  of  the  material. 

Since,  in  its  ordinary  state,  many  sets  of  particles  are  usually  in  a 
condition  of  maximum  strain,  the  slightest  application  of  external  foice 
to  the  piece  will  destroy  the  existing  equiUbrium  among  these  conflict- 
ing forces  within  the  mass,  producing  a  change  of  form,  and  either 
ruiDturing  or  producing  a  flow  of  those  particles  which  are  most  strained, 
and  thus  causing  a  new  condition  of  equiUbrium,  the  piece  returning 
only  approximately  to  the  original  form  when  relieved.  The  gTeater  or 
less  the  appUed  force,  the  greater  or  less  the  number  of  displaced  par- 
ticles, but  it  is  only  when  the  set  becomes  nearly  proj^ortional  to  the 
distortion  that  it  assumes  the  character  in  which  it  is  looked  upon  as  a 
serious  effect. 

With  ijerfectly  homogeneous  materials,  free  from  internal  strain,  no 
such  action  would  be  noticed,  and  the  earliest  set  would  occur  beyond 
the  elastic  limit,  which  limit  is  here  considered  to  be  attained  when  the 
set  becomes  proportional  to  the  distortion. 

26.  The  very  minute  range  of  distortion  within  the  elastic  limit  is 
shown  by  the  strain-diagrams  very  beautifully.  This  point  is  usually 
reached  -wdth  the  first  5^  of  torsion,  and  where  internal  strain  has  been 
eliminated  it  is  frequently  found  within  2*^,  the  corresponding  extension 
being  much  less  than  .0001. 
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Captain  Eoclman,  wlio  lias  made  tlie  most  delicate  determination  yet 
published,*  detects  a  set  of  0.000,001,4  after  an  extension  of  0.000,27 
in  a  specimen  of  cast-iron,  and  the  elastic  limit,  as  here  defined,  is 
reached  after  an  elongation  of  about  0.0003,  the  point  not  being,  how- 
ever, very  accurately  determinable  on  account  of  the  insensible  change 
of  rate,  as  already  observed  in  the  strain-diagrams  of  cast-iron. 

The  immense  magnification,  on  the  strain-diagrams,  obtained  with 
the  torsion  machine,  of  the  elongation  at  the  commencement  of  the 
curve  enables  the  behavior  of  the  materials  within  this  minute,  yet  most 
important,  portion  of  the  entire  range  to  be  perfectly  represented,  and 
permits  its  examination  in  a  most  satisfactory  manner. 

27.  The  Influence  of  Vakiations  of  Tbmpekatuke.  —  The  effect 
upon  the  mechanical  properties  of  metal  of  variations  of  temperature 
has  long  been  a  subject  of  debate,  and  one  which  has  not  even  yet  been 
satisfactorily  settled  by  exj)erimeut. 

A  priori  it  would  appear  that,  in  a  perfectly  homogeneoiis  material, 
entirely  free  from  internal  strain,  change  of  temperature  would  produce 
an  alteration  of  strength  and  of  ductility  which  would  both  be  the 
reverse,  in  direction,  of  the  variation  of  temperature. 

The  forces  acting  to  produce  mechanical  changes  being,  probably, 
cohesive  force,  on  the  one  hand,  resisting  external  forces  tending  to  pro- 
duce distortion  or  rupture,  while  the  force  produced  by  the  energy  of 
heat  motion  conspires  with  external  force  to  j)roduce  that  distortion,  and 
the  molecules  being,  at  every  instant,  in  equihbrium  between  the  force 
of  cohesion,  on  the  one  side,  and  the  sum  of  the  other  two  forces  men- 
tioned, on  the  other,  variations  of  form  must  ensue- with  every  change  in 
the  relative  magnitudes  of  these  forces.  A  change  of  temperature  pro- 
duced by  an  increment  of  heat  energy,  it  would  appear,  must  produce  a 
reduction  of  cohesion  by  separation  of  particles,  and  the  opposite 
change  must  cause  an  increase  of  cohesion  by  their  approximation.  In- 
crease of  temperature,  by  reducing  the  range  of  action  of  cohesion  by 
separating  ijarticles,  and  causing  them  to  approach  the  hmit  of  reach  of 
cohesive  force,  would  reduice  ductility,  and  the  opposite  change  of  tem- 
perature would  increase  extensil>ility.  The  effect  on  resihence,  the  pro- 
duct of  ductility  and  strength,  would  evidently  be  stiU  more  marked 
than  the  variation  of  its  factors. 

The  peculiar  beha^dor  of  zinc,  and  the  often  observed  brittleness  of 

*  Experiments  on  Metals  for  Cannon,  etc.,  Kodman,  pp.  157-167. 
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iivni,  at  low  temperatures,  have  given  cause  for  doubting  tlie  trutli  (jf  tlie 
above  statement,  and  until  tlie  phenomena  accompanying  variations  in 
liomogeneousness  of  structiu'e  and  composition,  and  the  introduction  or 
removal  of  internal  strain,  have  been  very  thoroughly  investigated,  it 
cannot  be  anticipated  that  the  s^^bject  yn\l  become  well  understood.  The 
character  of  polarity,  that  force  of  which  the  presence  constitutes  the 
distinguishing  difference  between  solids  and  liquids,  remains  to  be  deter- 
mined, and  its  determination  may  be  expected  to  throw  important  light 
upon  this  subject. 

Experiments  of  both  physicists  and  engineers  have  failed,  iip  to  the 
l^resent  time,  to  give  as  much,  and  as  precise  information  as  is  needed 
to  determine  satisfactorily  what  rules  should  govern  the  proportions  of 
structures,  whether  carrjdng  dead  loads  or  subjected  to  shocks  or  blows, 
at  any  given  temperature  below  the  usual  range,  or  even  at  the  low  tem- 
peratures to  be  met  during  every  winter  in  the  latitude  of  ^ew  York. 

In  a  paper  recently  published*  on  "Molecular  Changes  produced  by 
Variations  of  Temperature,"  the  writer  gave  the  results  of  a  careful  in- 
vestigation of  the  experimental  work  previously  done,  by  both  philoso- 
phers and  engineers,  in  researches  bearing  upon  this  important  question. 

28.     The  conclusions,  as  there  reached,  were  the  following: 

(1.)  That  the  numlier  and  the  nature  of  those  molecular  forces  which 
■determine  the  physical  condition  of  matter  are  not  yet  fully  ascertained, 
but  that  these  forces  manifest  themselves  in,  at  least,  three  distinct  modes 
■of  action,  and,  as  tlius  exhibited,  they  are  known  as  repulsion,  cohesion, 
and  polarity. 

(2.)  That  the  force  of  repulsion  is,  api:)arently,  heat  motion,  or  some 
closely  related  phase  of  energy.  That  the  force  of  cohesion  bears  some 
resemblance  to  that  of  gravitation,  but  seems  not  to  be  identical  -svith  the 
latter,  and  that  the  force  of  molecular  polarity,  which  determines  the 
molecidar  relations  of  position,  seems  to  bear  some  distant  relation  to  that 
of  magnetic  polarity. 

(3.)  That  the  law  which  governs  the  variations  in  intensity  of  these 
forces  "wdth  changes  of  intermolecular  distances,  is  undetermined,  and  that 
it  has  not  been  exjaressed  by  any  mathematical  formula,  except  approxi- 
mately and  for  a  limited  range. 

(4.)  That  the  magnitudes  of  the  intermolecular  spaces,  and,   conse- 

*  Iron  Age,  Snne,  1S73;  Van  Nostrand's  Mag.,  July,  1873;  Jour.  Frank.  Inst,  1873;  LonAon 
^oMr.,  Jan.,  1874.     Also  in  pamphlet,  p.  29.     D.  Van  Nostrand. 
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queiitly,  the  volume  of  any  mass,  are  varialile  with  changes  in  the  relative 
magnitudes  of  the  forces  of  cohesion  and  repulsion. 

(5.)  That  the  resistance  offered  to  change  of  form  is  determined  by  the 
relations  in  intensity  of  the  forces  of  polarity  and  those  forces  which  de- 
termine intermolecular  distances. 

(6.)  That,  at  the  "absolute  zero"  ( — 461. 2^  Fahr.),  cohesion,  and 
consequently  the  strength,  of  the  material  has,  probably,  its  maximum 
value,  heat-energy  having  disajjpeared. 

(7. )  That,  at  very  high  temperatures,  heat-energy  exerts  a  separating 
force  upon  particles,  which  entirely  overcomes  the  other  forces,  and 
matter,  assuming  the  gaseous  state,  requires  the  action  of  extraneous 
forces  to  preserve  its  volume  unchanged. 

(8.)  That,  at  intermediate  points,  matter,  in  either  the  solid  or  the 
liquid  states,  exhibits  a  definite  degree  of  seiiaration  of  molecules  which 
is  determined  by  the  intensity  of  the  reijulsion  due  to  heat  motion,  a 
position  of  equilibrium  being  assumed,  which,  with  the  same  substance, 
is  invariable  for  the  same  temperature.  The  application  of  some  kind  of 
force  is  required  to  distui-b  this  equilibrium  and  to  produce  change  of 
volume.  The  amount  of  this  force  is  determined,  for  any  given  extent 
of  disturbance,  by  the  maximum  value  of  cohesion  for  the  substance  and 
the  quantity  of  heat  which  has  been  required  to  raise  it  from  the  absolute 
zero  of  temjDerature. 

The  sum  of  the  apjjlied  force  and  the  force  consequent  upon  the 
presence  Qf  heat  motion  must  exceed  cohesive  force  to  produce  dilatation, 
while  this  cohesive  force,  added  to  externally  applied  force,  must  exceed 
the  force  of  repulsion  to  produce  diminution  of  volume. 

(9.)  That  the  distinction  between  the  solid  and  liquid  states  of  matter 
seems  due  to  the  action,  in  the  former,  of  the  force  of  j^olarity,  which 
gives  stability  of  form,  while,  in  the  latter,  this  force  is  extremely  feeble, 
disappearing  altogether  when  the  boundary  line  between  the  liquid  and 
gaseous  states  is  reached. 

That  combihed  stability  and  elasticity  of  volume  may  be  pi'oduced  by 
the  equihbrium  of  attractive  and  repulsive  forces,  but  that  stability  and 
elasticity  of  form  demand  the  coexistence  of  cohesion  and  polarity. 

(10.)  That  the  general  effect  of  increase  or  decrease  of  temperature  is, 
mth  sohd  bodies,  to  decrease  or  increase  their  iiower  of  resistance  to  rup- 
ture, or  to  change  of  form,  and  their  capability  of  sustaining  "dead"' 
loads. 
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(11.)  That  the  general  effect  of  change  of  temperature  is  to  produce 
change  of  ductility,  and,  consequently,  change  of  resilience,  or  power  of 
resisting  shocks  and  of  carrying  "  live"  loads.  This  change  is  usually 
opposite  in  direction  and  greater  in  degTee  than  the  variation  simultane- 
ously occurring  in  tenacity. 

(12.)  That  marked  exceptions  to  this  general  law  have  been  noted,  but 
that  it  seems  invariably  the  fact  that,  wherever  an  exception  is  observed 
in  the  influence  upon  tenacity,  an  exception  may  also  be  detected  in  the 
effect  upon  resilience.  Causes  which  i^roduce  increase  of  strength  seem 
also  to  produce  a  simultaneous  decrease  of  ductility,  and  tice  versa. 

(13.)  That  experiments  uj)on  copper,  so  far  as  they  have  been  carried, 
indicate  that,  (as  to  tenacity),  the  general  law  holds  good  with  that  metal. 

(14. )  That  iron  exhibits  marked  deviations  from  the  law  between  ordi- 
nary temperatures  and  a  point  somewhere  between  500°  and  6.00°  Fahr. , 
the  strength  increasing  between  these  limits  to  the  extent  of  about  15  per 
cent.  Avith  good  iron.  The  variation  becomes  more  marked  and  the 
results  more  irregiilar  as  the  metal  is  more  impure. 

(15.)  That  above  600-  F.  and  below  70^,  the  general  law  holds  good 
for  iron,  its  tenacity  increasing  with  diminishing  temperature  below  the 
latter  j^oint,  at  the  rate  of  from  0.02  to  0.03  per  cent,  for  each  degree 
Fahrenheit,  while  its  resilience  decreases  in  a  higher  but  not  well  deter- 
mined ratio  for  good  iron,  and  to  the  extent  of  reduction  to  one-third  its 
ordinary  value,  or  less,  at  10°  F.  when  cold  short,  and,  in  the  latter  case, 
the  set  may  be  less  than  one-fourth  that  noted  at  a  temperature  of  84<- 
Fahr. 

(16.)  That  the  viscosity,  ductility  and  resilience  of  metals  are  deter- 
mined by  identical  conditions,  and  that  the  fractiTre  of  iron  at  low  tem- 
peratures has,  accordingly,  been  found  to  be  characteristic  of  a  brittle 
material,  while,  at  higher  temperatures,  it  exhibits  the  apjiearance  pecu- 
liar to  ductile  and  somewhat  viscous  substances.  The  metal  breaks  in  the 
first  case,  with  slight  permanent  set  and  a  short  granular  fracture,  and  in 
the  latter  ^dth  frequently  a  considerable  set  and  a  form  of  fracture  indi- 
cating great  ductihty.  The  variation  in  the  beha\ior  of  iron,  as  it  ap- 
jiroaches  a  welding  heat,  illustrates  the  latter  condition  in  the  most  com- 
plete manner. 

(17.)  That  the  precise  action  of  the  elements  with  which  iron  is  liable 
to  be  contaminated,  and  the  extent  to  which  they  modify  its  behavior 
under  varying  temperature,  remain  to  be  fully  investigated,  but  that  the 
presence  of  ijhosphorus,  and  of  other  substances  producing  "  cold  short- 
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uess,"  exaggerates,  to  a  great  degi'ee,  the  effects  of  low  temperature  in 
producing  loss  of  toughness  and  resilience. 

(18. )  That  the  modifications  of  the  general  law  with  other  metals  than 
iron  and  copper,  and  in  the  case  of  alloys,  have  not  been  studied  and  are 
entirely  unknown. 

(19.)  That  these  conclusions  are  sustained  by  experiments  of  both 
physicists  and  engineers. 

•'  The  practical  result  of  the  whole  investigation  is  that  iron  and  cop- 
per, and  probably  other  metals,  do  not  lose  their  power  of  sustaining 
'  dead '  loads  at  low  temperatures,  but  that  they  do  lose  to  a  very  serious 
extent  their  power  of  sustaining  shocks  or  of  resisting  sharp  blows,  and 
that  the  factors  of  safety,  in  structures  need  not  to  be  increased  in  the 
former  case,  where  exposure  to  severe  cold  is  apprehended,  biit  that 
machinery,  rails  and  other  constructions  which  are  to  resist  shocks, 
should  have  larger  factors  of  safety,  and  should  be  most  carefully  joro- 
tected,  if  possible,  from  extreme  temperatures." 

29.  The  conclusions  above  given  were  deduced  from  the  physical  in- 
vestigations of  Boscovitch,  Coulomb,  Henry,  Powell,  Cagniard  de  la 
Tour,  Andrews,  Faraday,  Wartman,  Eobison,  Gaiidin,  Thompson,  Ean- 
kine  and  others,  and  from  the  more  purely  technical  researches  of  Pro- 
fessors Johnson  and  Norton,  Fairbairn,  Kirkaldy,  Brockbank,  Joule, 
Spence,  Styffe  and  Sandberg. 

An  apparent  discrepancy  of  results  from  which  some  experiments 
seemed  to  indicate  weakness,  and  others  strength  of  metals  as  a  conse- 
quence of  reduced  temperature,  was  explained  by  the  fact  that  those 
which  seemed  to  prove  the  first  conclusion,  were  cases  in  which  the  metal 
was  tested  by  blows,  and  those  proving  the  reverse  wei-e  tests  made  by 
steady  strain.  The  deduction  (11),  made  above,  that  the  result  of  change 
of  temperature,  by  producing  changes  of  duetiHty,  which  were  the 
reverse  of  those  produced  in  tenacity,  and  that  the  same  bar  might  thus 
exhibit  a  higher  resistance  to  static  stress  while  less  capable  of  resisting 
shock,  explained  the  seeming  contradiction. 

30.  It  was  evident  that,  to  determine  satisfactorily  the  real  effect  of 
changes  of  temperature,  it  was  necessary  to  obtain  a  series  of  experi- 
mental determinations  of  the  simultaneous  action  of  such  variations  upon 
both  strength  and  resilience.  Such  experiments  could  readily  be  made 
by  the  method  here  piirsued,  and  a  considerable  number  of  observations 
are  represented  by  strain-diagrams  on  Plate  III. 

In  these  experiments,  the  machine  and  the  test  })ieces  were  placed  in 
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the  open  air  where,  changing  in  temperature  with  the  atmospheric 
changes,  no  error  could  arise  by  transfer  of  heat  during  the  experiments. 
The  machine  and  the  specimens  submitted  to  test  were  always  of  the  same 
temperature. 

The  mildness  of  the  past  winter  has  precluded  the  determination  of  the 
behavior  of  iron  at  temperatures  very  far  below  the  freezing  point,  the 
lowest  reached  being  10°  Fahr. 

This  is  the  more  to  be  regretted  since,  as  wiU  be  seen,  there  exists  a 
possible  change  of  law  near  the  Fahrenheit  zero,  and  it  is  extremely  im- 
Ijortant  to  ascertain  whether  this  indication  of  an  anomaly  arises  from 
irregularity  in  the  quality  of  sj)ecimens,  nominally  of  the  same  grade,  or 
whether  it  is  a  real  variation  of  the  effect  of  change  of  temperature. 

As  no  previously  made  experiments  combine,  in  the  manner  here  pre- 
sented, the  various  effects  of  heat  upon  the  mechanical  properties  of  the 
metals,  the  results  obtained  are  given  as  a  beginning,  and  the  conclusions 
which  are  deduced  from  them  are  given  as  merely  probable,  while  it  is 
to  be  hoped  that  other  members  of  the  profession,  who  may  be  so  situated 
that  they  can  readily  continue  the  work  at  points  in  the  north  and  north- 
west where  a  temperature  far  below  zero  is  reached,  will  make  more  com- 
plete and  instructive  researches  during  succeeding  winters. 

It  is  apparently  quite  impossible  to  avoid  error  if  the  attempt  is  made 
to  experiment  mth  specimens  cooled  down  by  freezing  mixtures,  and  the 
writer  would  only  feel  justified  in  presenting  the  results  of  out-of-door 
work. 

31.  Eef erring  to  Plate  III,  the  strain-diagrams  of  the  best,  and  of 
medium  tool  steel,  of  German  and  double  shear,  of  the  several  grades  of 
iron  and  of  copper  and  bronze  are  given,  for  temperatures  from  70-^  down 
to  10^  Fahr.  A  diagram  is  also  given  in  which  the  horizontal  scale  of  the 
plate  is  taken  to  represent  absolute  temperatures  on  a  one-fourth  scale, 
and  at  ordinates  reijresenting  respectively  10°  18°,  25°  and  70°,  the 
resistances  of  the  several  specimens  are  laid  off,  and  dotted  lines  connect- 
ing them  indicate  the  rate  of  variation  of  strength  with  temperature. 

It  will  be  seen  that  with  the  single  exception  of  a  scrap  gray  cast  iron, 
presumably  unusually  impure  (Nos.  25,  26),  the  effect  seems  invariably 
to  have  been  a  simultaneous  increase  of  Ijoth  strength  and  ductility  with 
decrease  of  temperature  to  18°  and  usually  to  10°  from  70°  Fahr.  In  the 
case  of  the  cast-iron,  the  increase  of  tenacity  and  red^^ction  of  ductility 
at  the  lower  temperature  are  equall;>'  well  exhibited,  and  the  result  is  a 
slight  decrease  of  resilience. 
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It  will  be  noticed  tliat  tlie  general  trend  of  the  lines  in  tlie  diagram 
prepared  for  comparison  of  resiilts,  is  very  evidently  towards  a  point 
on  the  scale  (250°),  corresponding  to  a  temperature  of  1000°  above  the 
absolute  zero,  at  which  point,  were  the  diminutions  proportioned  to  tem- 
perature, the  metals  would  lose  all  cohesion.  Since,  however,  the  law, 
as  determined  approximately  by  the  Committee  of  the  Franklin  Institute, 
is  expressed  by  a  parabolic  equation,  the  fact  that  their  melting  jjoints 
are  nearer  3,000°,  or  perhaps  4,000°,  Fahr.  above  the  absolute  zero,  does 
not  conflict  with  the  results  of  experiment. 

32.  Compai'ing  the  several  sj)ecimens  of  "  good  cast-steel,"  it  is  found 
that  the  four  (Nos.  46,  47,  49,  50),  whose  strain-diagrams  are  given, 
evidently  differ  nearly  as  much  in  their  individual  jiroperties  as  in  their 
alteration  by  temperature.  The  two  ^Dieces  tested  at  70°  Fahr.  give  a  mean 
of  strength,  ductility  and  resilience,  which  is  less  than  either  of  the  other 
specimens.  The  strongest  piece  was  broken  at  18°,  while  that  tested  at 
10°  is  very  nearly  its  equal  in  that  respect,  and  is  more  than  10  per 
cent,  better  in  extensibility  and  nearly  10  per  cent,  suj^erior  in  resili- 
ence. The  difference  between  the  specimens  tried  at  10°  and  at  70-' 
(average  of  the  two)  is  about  15  per  cent,  in  ductility  and  resilience,  and 
rather  more  than  5  per  cent,  in  tenacity.  The  i)iece  tested  at  10°  has  a 
hmit  of  elasticity  exceeding  that  of  the  specimens  tested  at  70°  in  about 
the  same  proportion. 

The  double  shear  steels  are  irregiilar,  as  would  be  expected  from  their 
method  of  production,  but  the  greatest  ductility  is  shoAvn  by  the  speci- 
men tested  at  25°  F. ,  and  the  greatest  tenacity  by  that  broken  at  25°  also. 
The  weakest  is  that  tested  at  70°,  its  loss  of  strength,  ductility  and  resili- 
ence being  very  striking.  The  position  of  the  elastic  limit  varied  with 
that  of  the  iiltimate  strength.  "  German  "  (English)  steel  exhibits  great- 
est strength  at  18°  (No.  60),  greatest  ductility  at  70°  (No.  58)  and  gi-eatest 
resilience  at  25°  (No.  25). 

"Medium  crucible"  steels  seems  strongest  at  18°  Fahr.,  most  ductile 
and  equally  resihent  at  25°,  and  weakest,  least  diactile  and  least  resilient  at 
70°,  Nos.  78,  54,  70  are  their  strain-diagxams.  , 

Swedish  irons  (No.  99  and  100)  were  tried  at  25°  and  70°,  and  the 
result  is  again  that  the  greatest  resistance  and  greatest  extensibility  occur 
at  the  lowest  temperature,  the  difference  here  amounting  to  something 
less  than  10  per  cent,  at  the  elastic  limit  and  about  one-half  as  much  at 
the  maximum. 
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A  piece  of  common  iron  was  selected  by  the  blacksmith  irom  his  stock 
as  "the  worst  specimen  of  cold  short  iron  in  the  shop."  The  two  speci- 
mens, Nos.  130  and  132,  were  taken  from  the  bar  and  tested  at  10°  and 
70°  Fahr.  respectively,  with  a  result  which  is  unexpectedly  similar  to  those 
ah'eady  given  in  the  variation  of  ultimate  strength,  ductiHty  and  resilience. 
The  increase  of  strength  at  the  lower  temperature  is  aj^parently  nearly  15 
per  cent,  the  increase  of  ductility  about  the  same,  and  the  increase  of  re- 
silience 30  per  cent.  At  the  elastic  limit  this  is  reversed,  however,  the 
specimen  tested  at  70°  showing  the  highest  elastic  resistance.  That 
broken  at  10°  exhibits  a  very  considerable  amount  of  internal  strain,  to 
the  presence  of  which  may  be  attributed  the  exceptional  behavior  of 
these  pieces.  A  similar  difference  but  opposite  in  direction  and  less  in 
amount  is  noticeable  in  the  Swedish  irons,  Nos.  99  and  100. 

Copper,  Nos.  133  and  134,  and  bronze,  Nos.  137,  138,  both  show  a  con- 
siderably greater  strength  at  10°  than  at  70°  and  a  slightly  improved 
ductility.  The  increase  of  tenacity  and  resilience  amounts  to  20  per  cent, 
and  30  per  cent,  respectively,  the  ratio  being  slightly  greater  at  the  limit 
of  elasticit3^ 

Cast-iron  exhibits  the  most  striking  increase  of  tenacity,  the  ratio  of 
increase  being  above  30  per  cent,  and  in  ductihty  having  a  mean  value 
of  50  per  cent.  One  specimen,  No.  25  C,  has  a  serious  defect  of  inter- 
nal strain,  but  eliminating  that  by  cutting  off  the  sharply  curved  lower 
portion  of  the  line,  it  would  coincide  very  exactly  with  the  companion 
specimen.  No.  25  D,  broken  at  the  same  temperature,  25°. 

33.  It  woiild  seem,  after  a  study  of  these  experiments  and  after  a  com- 
parison with  those  described  by  other  experimenters,  that,  although  a  con- 
siderable irregularity,  due  to  differences  in  material  nominally  of  identical 
character,  tends  to  obscure  them,  that  we  may  feel  some  confidence  in 
drawing  the  following  conclusioQs  in  modification  and  extension  of  those 
already  given  in  article  28: 

(20. )  That,  with  pure,  well-worked  metals,  the  principle  enunciated  in 
article  28  is  fully  illustrated,  and  a  decrease  of  temperature  is  accom- 
panied by  increase  of  strength,  ductility  and  resilience. 

(21.)  That  materials  which  are  impure  and  irregular  in  character  may 
exhibit  exceptions  to,  and  even  reversals  of,  that  principle  in  changes  of 
ductiHty  and,  while  increasing  in  jDower  of  resisting  simple  stress,  may 
lose  their  power  of  resisting  shock,  by  a  diminution  of  temjierature. 

We  may  hence  feel  confidence  that,  with  really  good  iron  or  steel,  we 
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are  not  exposed  to  seriously  increased  danger  of  failure  of  strnctures  at 
siieh  low  temjoeratures  as  frequently  occur  in  this  latitude. 

There  is  no  reason  to  believe  that  the  familiar  effect  of  phosphorus  in 
"  cold-shortening"  iron  and  steel,  when  cold,  has  its  maximum  effect  at 
ordinary  temperatures.  The  experiments  of  Sandberg  would  seem  to 
prove  this  effect  to  be  intensified  continually  with  decrease  of  tempera- 
ture. 

34.  Since  the  above  research  was  concluded,  the  writer  has  become  in- 
debted to  the  thoughtful  kindness  of  Mr.  Chas.  Francis  Adams,  Jr. ,  for 
reports,  one  of  which  is  that  of  the  Mass.  E.  R.  Commissioners  for  1874 
containing  (page  144,  et  seq. ) ,  the  result  of  an  investigation  of  the  cause 
of  rail  breakage  on  a  considerable  number  of  railroads  in  the  United 
States  and  Canada.  The  conclusions  given  are  that  ' '  cold  does  not 
make  iron  or  steel  brittle,  or  unreliable,  for  mechanical  purposes,"  and 
that  ' '  it  was  not  the  rule  that  the  most  breakages  occur  on  the  coldest 
days."  The  introduction  of  steel,  in  place  of  iron  rails  has  caused  an 
almost  complete  cessation  of  the  breakage  of  rails  (p.  150). 

The  deduction  which  would  seem  proper  in  comjiaring  these  latter 
statements  with  the  work  of  Sandberg  would  seem  to  be,  simply,  that 
the  latter  experimented  Avith  cold-short  rails.  The  same  conclusion  is 
given  in  Saudberg's  own  statement  of  the  difference  between  Welsh  and 
French  metal.* 

35.  We  still  require,  to  give  us  reliable  information  regarding  excep- 
tional cases,  a  series  of  experiments  to  determine  the  action  of  exces- 
sively low  temperature,  and  whether  the  apparent  change  of  law  near 
the  Fahrenheit  zero  is  a  natural  or  an  artificial  phenomenon.  We  need 
to  learn  precisely  the  effects  of  sulj^hur,  i^hosphorus,  and  silicon  at 
extremely  low  temperatures.  We  need,  also,  and  especially,  to  learn 
by  experiment  whether  extremely  low  temperatures  occurring  during 
our  winters,  produce  a  serious  effect  upon  iron  and  steel  by  the  intro- 
duction of  internal  strain  as  the  material  decreases  in  volume  and  in- 
creases in  density. 

The  uncertainty  still  existing  as  to  the  extent  to  which  increased  den- 
sity at  low  temperatures  and  reduction  of  tenacity  ixnder  sudden  strains 
lit  all  temperatures— ijhenomena  which  have  been  revealed  but  not  meas- 
ured during  the  investigations  here  described — will  be  recognized  by 
every  member  of  our  profession  as  one  which  it  is  exceedingly  important 

*  P.  157;  coucluaion  3;  p.  158,  line  4;  p,  13'2,  Nos.  21,  24. 
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to  remove.  It  is  hoped  that  it  may  not  long  remain,  for  it  is  evident 
that,  although  perhaps  imi:)robable,  it  is  not  impossible  that,  notwithstand- 
ing the  increase  of  both  tenacity  and  ductility  by  reduction  of  tempera- 
ture, these  causes  may  still  consi^ire  to  produce  increased  tendency  to 
yield  before  shock  at  some  unknown  low  temj)erature. 

36.  The  peculiarities  of  fracture,  which  have  been  alluded  to,  are  ex- 
hibited in  the  accompanying  Plate. 

Figures  15  and  16  exhibit  the  beha^dor  of  a  bar  of  iron  made  at  Cata- 
sauqua,  Pennsylvania,  as  broken  by  Mr.  Oliver  Williams,  at  70°,  and, 
again,  at  20-  Fahr.  It  is  selected  from  among  the  specimens  in  the 
cabinets  of  the  Stevens  Institute  of  Technolog;s\  The  fractiu-e  at  70° 
(Figure  15)  has  the  fibrous  fracture  and  all  the  characteristics  of  what  is 
generally  considered  a  tough  and  ductile  iron.  That  at  20-  (Figaire  16) 
resembles  the  break  produced  by  a  quick  blow  in  good  iron,  or  by  any 
treatment  at  ordinary  temperatures  of  a  cold  short  iron.  Were  the 
conditions  stated  not  known  it  would  be  supposed  that  irons  like  Nos.  1 
and  16,  Figiires  5  and  6,  were  combined  in  a  single  bar. 

Figiu'es  17  and  18  illustrate  strikingly  the  difference  between  the 
specimens  of  copper,  Nos.  87  and  133,  which  have  been  ah-eady  described 
and  of  which  the  strain-diagram  of  the  one  is  showTi  in  Plate  II,  and  of 
the  other  in  Plate  III.  No.  87  w^as  cast  in  green  sand,  and  broken  at 
70°  F. ,  while  the  other  was  made  from  the  same  ingot,  but  cast  in  dry 
sand  and  broken  at  10°  Fahr. 

The  first  is  unsound  in  structure  in  consequence  of  the  dampness  of 
the  mould  and  exhibits  a  peculiar  radiated  texture  which  is  probably  due 
to  the  same  cause.  The  second  is  distinguished  by  its  compact,  homoge- 
neous structure,  probably  due  to  the  freedom  of  the  mould  from  vapor 
and  gases.  It  presents  a  beautiful  crystalline  fracture  which  is  proba- 
bly due  partially,  if  not  principally,  to  the  low  temperature  at  which  it 
was  broken. 

These  fractures  are  extremely  interesting  from  the  strongly  typical 
features  which  they  exhibit  as  characteristic  of  the  peculiar  conditions 
under  which  they  were  produced. 

Resume. 

37.  En  resume,  a  review  of  this  investigation  of  the  nature  of,  and  the 
influences  affecting,  the  distortion  and  rupture  of  metals,  it  would  seem 
allowable  to  accept,  as  extremely  probable,  the  following 
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Genekaxi   Conlusions  : 

(1.)  That  accurate  strain-diagrams,  in  which  the  behavior  of  the 
material,  as  distortion  progresses,  and  especially  about  the  elastic  limit, 
afford  a  means  of  acquiring  valuable  information  resjoecting  the  strength, 
elasticity,  homogeneousness,  ductility  and  resilience  of  materials,  and  of 
tracing  the  modifications  iudiiced  by  variations  of  treatment  and  of  com- 
position. 

(2.)  That  internal  strain  plays  a  most  important  part  in  determining 
the  behavior  of  materials  strained  by  either  static  or  dynamic  stress. 

(3.)  That  the  time,  during  which  applied  stress  acts,  is  an  important 
element  in  determining  its  effect,  not  only  as  an  element  which  modifies 
the  effect  of  the  vis  viim  of  the  attacking  force  and  the  action  of  inertia  of 
the  piece  attacked,  but,  also,  as  modifjdng  seriously  the  conditions  of 
production  and  relief  of  internal  strain  by  even  simple  stresses. 

(4. )  That  with  good  materials,  cold  does  not  produce  injury  but  actu- 
ally improves  their  power  of  resisting  stress  and  increases  their  resiHence. 

(6. )  That  the  influence  of  impurities,  of  various  methods  of  manufac- 
ture, of  changes  of  density  with  temperature,  and  of  the  causes  which 
produce  a  concentration  of  the  action  of  rapidly  produced  distortion  and 
of  quick  blows,  are  subjects  which  still  require  careful  investigation. 

(7. )  That  experiment  confirms  the  theory  as  to  the  behavior  of  mate- 
rials, homogeneous  in  composition,  structure  and  strain,  as  expressed  a 
priori  in  27,  and  hence  a  probable  deduction  that  the  force  of  molecu- 
lar repulsion  is  heat  motion. 
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Preliminary. — The  experiiueuts  recorded  in  the  following  pages, 
were  undertaken  with  a  view  to  discover,  whether  the  law  of  the 
' '  lamination  of  material  in  pliines  perpendicular  to  the  direction  of  the 
pressure  excited  upon  it,"  Avas  a  law  incidental  to  a  periodic*  action  of 
force,  as  pressure  ;  or  only  consequent  ui^on  tangential  stress,  faults  in 
the  cohesion  of  material,  or  the  running  together  of  internal  cells.  The 
first  of  these  was  made  by  sending  polarized  light  through  plates  of 
glass,  compressed  so  as  to  be  bi-refractive  either  in  the  character  of 
beams  or  columns  bearing  weights. 

As  some  exception  may  be  taken  to  this  apparently  absurd  haeans  of 
obtaining  the  course  of  strains  in  materials  used  in  construction,  and 
because  glass  is  itself  a  useless  material  for  the  sustaining  of  weights,  it 
may  be  well  that  the  experimenter's  reasons  for  the  proceeding  should  be' 
given.  The  difference  in  effect  between  like  action  on  two  materials  is 
not  ali.solute,  but  only  relative,  therefore  the  effect  of  the  action  of  force 
in  glass  must  be  similar  to  its  effect  upon  other  substances,  excepting  for 
amounts  and  confined  qualities.      One  of  these  latter  is  transparency, 


*  The  word  periodicj'  being  used  to  express  a  re-occurring  phenomenon  without  reference 
to  tbe  time  occupied. 
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but  tliis  becomes  useful ;  and  moreover,  as  the  particular  results  which 
we  \vish  to  arrive  at  are  derivable  from  certain  general  laws  of  the  ' '  doc- 
trine of  forces;"  which  must  be  precisely  the  same  for  all  substances 
and  only  modified,  not  changed  by  any  particular  substance,  :fnd  which 
the  transj^areucy  of  glass  and  its  bi-refractive  quality  when  strained 
enables  us  to  watch  with  the  eye  of  the  body,  in  assistance  to  the  eye  of 
the  mind;  we  may,  in  this  jsartial  case,  completely  ignore  structural  dif- 
ferences. So  that,  having  become  satisfied  in  regard  to  the  general  law, 
we  may  be  better  able  to  systematically  admit  the  modifications.  These 
modifications,  indeed,  would  not  appear  to  be  very  great.  Glass,  cast- 
iron  and  steel,  are  all  amorphous  bodies,  yet  all  comiaosed  of  segregated 
crystals,  and  during  the  experiments  a  connection  was  established  in  the 
characteristic  form  i)f  breakage  ;  all  as  a  general  result  appearing  to  yield 
in  this  form:        7^7,^    j         when  the  fracture  occurs  in  a  beam  between 

a  supporting       ^ 1   point  and  a  point  of  pressure,  and  in  this 

one  when  thi-  (_ ]   fracture    occurs   immediately    at   a   point   of 

pressure:  pi,,   7  it  being  readily  noticed  that  the  law  of 

fracture      j        \ ^  7    is  the  same  in  both  cases;  Fig.  2  being 

similar  to  \ Y 1   Fig.    1,   Avith   an    opposite   duplicature. 

Another  and  very  important  link  of  connection  is  believed  by  the  Avriter 
to  exist  in  the  relative  ratio  of  their  respective  resistances  to  tensile  and 
compressive  strains,  as  there  is  good  reason  to  think  that  in  this  respect 
glass  occupies  a  place  between  steel  and  cast-iron.  These  facts,  however, 
become  of  less  importance  as  we  begin  in  the  experiments  to  perceive 
the  action  of  general  laws,  and  to  refer  to  their  effects  without  regarding 
the  vehicle  which  transmits  them. 

The  form  of  apparatus  used  was  the  common  one  for  experiments  Avith 
polarized  light,  made  ^dthout  the  microscope;  namely,  a  bundle  of  glass 
plates — ^parts  of  window  panes  in  this  instance — 6  by  8  inches.  This  was 
the  polarizer,  and  one  plate  of  heavj'  glass  of  the  same  size,  blackened 
upon  its  back  so  as  to  reflect  from  only  one  surface  was  the  analyzer. 
The  first  is  set  at  an  angle  of  33-'  from  the  window  through  which  the 
light  is  obtained,  and  the  latter  at  an  angle  of  33^  from  the  table  upon 
which  it  is  placed,  or  rather  it  is  so  placed  that  the  rays  of  light  reflected 
to  it  from  the  polarizer,  come  to  the  eye  of  the  observer  placed  above  at 
an  angle  of  57°.  Between  the  polarizer  and  analyzer  is  held  a  small 
brass  clamp  used  for  compressing  the  object  under  examination.  Look- 
ing into  the  analyzer,  there  is  seen  before  compression,  the  clamp  (a 
square  frame  of  brass,  with  a  thumb-screw  moving  from  the  top  side  to  - 
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wards  the  bottom)  coutaiuing,  in  ijosition,  according  to  the  experiment 
intended,  a  slip  of  glass,  or  a  j)iece  of  glass  tube  or  rod. 

The  glass  appears  clear  and  ordinary  looking,  because  of  the  ordinary 
light  wliich  is  present,  but  if  our  a^jparatus  were  so  closed  up  on  all  sides 
as  only  to  admit  of  the  polarized  rays,  it  looidd  appear  black,  for  in  a  neu- 
tral or  unstrained  state,  it  is  notpermeahle  h;i  those  rai/s.  Yet  even  now,  by 
close  examination,  we  perceive  a  cloudiness. 

Beams. — Supposing  that  our  object  is  a  beam,  as  G  (see  Plate),  and 
we  tighten  the  screw  a  little,  immediately  we  obtain  clear  spaces  with 
curved  outlines  at  the  top  and  bottom  of  the  slip,  while  the  darkness  of 
the  middle  portion  seems  to  increase.  This  dark  space,  in  all  its  changes 
of  form,  marks  by  its  outlines  the  neutral  or  unstrained  sections  of  the 
beam.  As  it  at  first  covered  the  unstrained  beam,  so  it  ever,  by  well 
known  optical  laws,  covers  those  portions  of  the  beam  remaining  neutral 
or  unstrained.  Its  increasing  darkness,  even,  is  only  the  effects  of  opti- 
cal contrast;  to  pure  polarized  light  it  has  always  been  black.  Yet  it 
does  become  more  and  more  defined  and  distinct  and  narrower,  as  with 
the  increasing  pressure  its  outline  becomes  sharper.  Soon,  from  the  top 
and  bottom  of  our  beam,  colored  curves,  each  sharply  distinct  from  the 
other,  and  having  for  their  outlines  the  mathematical  lines  of  strain,  begin 
to  make  their  appearance.  As  the  pressure  is  more  and  more  applied, 
they  increase  in  number  and  brilliancy,  moving  always  towards  the  neu- 
tral space.  To  a  certain  extent,  there  is  a  change  of  form,  but  the  general 
curve  is  sustained  until  the  period  of  fracture  renders  the  image  but  a 
void  of  broken  glass,  the  fractures  of  which  may  now  be  examined  to 
obtain  their  position  and  character. 

The  images  of  G  give  a  good  idea  of  the  results  appearing  in  a  beam, 
the  ratio  of  whose  dejjth  to  length  is  as  1  to  3.5,  which  rests  upon  two 
points  of  support,  and  which  is  i^ressed  by  a  force  partially  local  and 
partially  distributed.  The  pictures  opjiosite  each  other  in  the  right  and 
left-hand  columns,  are  the  positive  and  negative  images  of  the  same  object 
in  the  same  state. 

The  relative  causes  and  properties  of  tlie  jiositive  and  negative  images, 
which  together  form  each  double  picture,  cannot  easily  be  discussed  until 
we  have  acquired,  later  in  our  experiments,  a  better  knowledge  of  the  char- 
acter of  the  lahenomena,  after  which,  their  great  co-operative  value  A\'ill, 
doubtless,  be  admitted.  They  are,  as  arranged,  images  of  the  same  state 
of  the  same  object  taken,  first  in  one  i^osition,  and  then  in  another  in 
the  same  plane,  45-  distant,  or  by  a  rt^volution  of  the  analyzer  at  each 
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90°  distance.  The  words  positive  ;uid  tief/ative  are,  of  course,  purely  ar- 
bitrary, tlie  negative  image  beiug  the  one  occurring  when  the  beam  is 
horizontal  and  the  column  vertical. 

The  first  matter  which  engaged  attention  and  gave  a  definite  feourse  tcj- 
the  experiments,  was  the  unsuspected  and  peculiar  form  and  character  of 
the  neutral  axis,  and  systematic  trials  were  shortly  commenced  to  arrive 
at  a  full  understanding  of  its  status,  under  all  circumstances  of  load  and 
position.  It  will  be  remembered  by  engineers,  that  during  the  long,  pa- 
tient and  able  researches  of  Eaton  Hodgkinson,  F.  R.  S.,  publislied  in 
1842,  he  took  the  ground  that  the  neutral  axis  was  shifted  by  increasing- 
the  weights  used,  and,  ultimately,  that  its  position  should  be  found  at  a 
line  which  would  equalize  the  sum  of  the  stretching  and  shortenin;^ 
forces,  by  a  corresponding  distribution  of  materinl  above  and  below  it. 
He  fixed  this  line  for  cast-iron — at  the  period  of  rupture — one-seventh 
the  depth  of  the  b3am  from  the  top,  because  the  resistance  to  compres- 
sion of  that  material  was  seven  times  as  much  as  the  resistance  to  tension. 
He  occasionally  found  rectangular  beams,  which  broke,  so  that  the  broken 
edges  exhibited  a  crushing  force  for  one-seventh  of  their  depth,  whilst 
the  tearing  forces  occupied  the  other  six-sevenths,  thus  apparently  cor- 
roborating his  theory  by  an  exact  distribution  of  strains,  in  accordance 
with  his  previous  experiments  upon  the  compressive  and  tensile  resistances 
of  the  material.  Therefore,  and  most  naturally,  too,  his  whole  argu- 
ment ^'''  makes  it  clear  that  he  looked  upon  the  neutral  axis  of  the  \\n- 
loaded  rectangular  beam  as  a  line  at  first  coinciding  with  the  longitudi- 
nal axis,  but,  which  gradually  rises  towards  the  concave  side  at  each 
accession  of  weight. 

In  1855,  Henry  Barlow.  F.  E.  S. ,  made  experiments  upon  cast-ii'on 
Ijeanis,  purely  to  test  this  theory  of  Mr.  Hodgkinson.  f  In  the  course  of 
these  experiments  Mr.  Barlow  decides  in    direct  contradiction   to  the 

*  Hodgkinson — Ti'edgoJd,  page  384,  Arts.  89  and  90,  and  pages  413-17. 

t  He  .saj's:  "It  has  long  been  known  that  under  the  existing  theorj  of  beams,  which 
recognizes  only  two  elements  of  strength,  namely,  the  resistance  to  direct  compression  and 
extension,  the  strength  of  a  bar  of  cast-iron,  subjected  to  transverse  strains,  cannot  be 
reconciled  with  the  results  obtained  from  experiments  on  direct  tension,  if  the  neutral  axis  is 
in  the  centre  of  the  beam.  The  experiments  made  both  on  the  transverse  and  the  direct 
tensile  strength  of  the  material  have  been  so  numerous  and  so  carefully  conducted  as  to  admit 
of  no  doubt  of  their  accuracy,  and  it  results  from  these  either  that  the  neutral  axis  must  be  at 
or  above  the  top  of  the  beam,  or  there  must  be  some  other  cause  for  the  strength  exhibited  by 
the  beam  when  subjected  to  transverse  pressure. 

'•  lu  entering  upon  this' question,  It  became  necessary  to  establish  clear'ly  the  position  of 
the  neutral  axi.'=  and  the  following  experiments  were  commenced  with  that  object,  but  they 
have  led  to  otiiers,  which  arc  also  UcRCi-ibed  lierein,  and  which  established  the  existence  of  a 
thu'il,  and  a  \ery  iniport.iut  element  or  strength  in  beams."    ■ 
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Tiews  of  ~My.  Hodgkinson,  that  tlie  uentval  axis  iu  a  rectaugailar  beam 
imder  all  circumstances  lays  tlirougli  the  centre  of  gravity  of  tlie  beam 
sections,  and  that  there  is  a  third  element  of  strength  consisting  of  the 
lateral  a/«lhesion  of  the  fibres — "something  like  friction" — which  in- 
creases with  the  curvature  of  deflection. 

Both  exiserimenters  start  from  the  same  point,  viz. :  that  the  trans- 
verse strength  of  a  cast-iron  beam  is  about  2.5  times  as  great  as  it  would 
lie  to  accord  with  experiments  on  its  tensile  and  compressive  strengths, 
and  each  records  a  different  theory  from  the  other  in  regard  to  the 
character  and  position  of  the  neutral  axis.  This  paper  will  show,  that 
while  both  gentlemen  were  correct  in  the  exi>eriments  made  by  them, 
these  exi3ei*iments  were  so  diverse  in  character  as  to  lead  to  two 
opposite  theories  by  necessity,  and  l)y  making  a  connection  between  the 
two  sets  of  trials,  also  connect  the  observed  phenomena  and  correct 
the  theories.  An  attempt  will  be  made  to  establish  that  the  neutral  axis 
is  a  flexible  line,  truly  parallel  to  the  top  and  bottom  sides  of  the  rect- 
iingular  beam,  and  passing  through  the  centres  of  gravity  of  its  sections, 
only  when  the  load  is  evenly  distributed  from  end  to  end,  or  when  the 
ijeam  should  be  infinitely  long  ;  but  that  when  there  is  a  local  pressure 
tlie  neutral  axis  is  more  or  less  governed  in  its  direction  and  form  by 
the  strain  passing  from  the  point  of  local  pressure  towards  the  points  of 
support. 

This  mobile  character  of  the  neutral  axis  having  been  observed  by 
the  writer  in  his  earlier  trials,  his  first  object  when  systematizing  the  fur- 
ther experiments  was  to  obtain  a  law  of  direction,  or  rather  to  examine 
one  already  i^revised.  For  this  reason  the  negative  image  of  column  A 
was  taken  and  recorded  as  evidently  the  simplest  case  that  could  be  pro- 
vided of  direct  compression.  Then  two  slips  of  glass,  C,  were  fastened 
in  the  press,  so  that  when  the  pressure  became  heavy  the  two  outside 
bottom  corners  should  jpress  against  practically  inflexible  buttresses — 
the  inside  top  corners  press  against  each  other — and  the  inside  bottom 
corners  and  outside  top  corners  of  course  be  free.  Thus  there  would  be 
no  tension  in  the  beam,  as  a  beam,  and  the  comi^ression  could  be  gov- 
erned by  the  screw  until  the  coerced  corners  .should  be  ground  to 
l^owder.  The  image  plainly  represents  two  inclined  columns  Hke  A 
each,  or  to  speak  more  tecli^iica,lly  two  "  struts." 

The  simplest  and  most  efficient  way  to  conduct  the  experiment  was 
obviously  to  make  its  different  steps  as  closely  consecutive  as  jjossible. 
The  next  object,  therefore,  should  be  to  attain  a  very  small  tensile  strain 
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vfith  a  great  i:)repdnderance  of  compression.  I),  wliieli  was  the  next 
subject  of  trial,  was  a  very  sliort  slip  in  proportion  to  its  depth,  with 
points  of  snppoi't  very  close  together,  so  as  to  allow  of  but  little  flex- 
ure, and  pressed  like  the  rest  by  the  small  leather  guard  of  the  screw. 
Passing  across  from  the  negative  to  the  positive  images  for  reasons  to 
be  hereafter  given,  a  dark  line  surrounding  a  blue  figTire  may  be  ob- 
served in  i),  as  in  the  j)ositive  of  C.  Now,  this  blue  figure  is  the  com- 
plimentary or  positive  aj)pearance  of  the  struts  of  negative  C  and  D,  and 
the  dark  surrounding  line  must,  from  the  law  mentioned  in  the  first  part 
of  this  paper,  be  neutral.  In  fact,  the  blue  is  in  a  state  of  semi-neutrality, 
shown  by  the  small  amount  of- the  polarized  light  passed  through  it. 

Confining  the  discussion  to  the  neutral  axis  as  it  appears  in  the  sub- 
sequent positive  images,  until  experience  shall  have  taught  us  the  co- 
operative uses  of  both,  let  the  beam  which  rests  upon  inclined  but 
partially  flexible  supjjorts  be  gradually  lengthened  in  E.  The  blue 
is  now  less  characteristically  a  strut,  but  the  dark  line  stiU  surrounds 
it.  Only,  however,  on  the  side  towards  the  middle  of  the  beam  is 
it  plainly  marked,  and  then  not  more  so  than  in  the  new  portion 
which  forms  a  curve  extending  from  one  corner  of  the  "j^ressure  block"' 
to  the  other.  The  neutrality  in  tliis  case,  then,  is  in  the  narrow  band 
running  from  one  abutment  in  a  curved  line  to  the  corner  of  the  pressure 
block,  from  thence  in  a  curve  to  the  other  corner  of  the  same  block,  and 
from  thence  in  a  third  carved  line  to  the  other  abutment,  and  in  two 
branches  proceeding  from  the  abutments  towards  the  upper  corners  of 
the  beam  ;  the  space  between  the  first  and  third  and  the  branches  re- 
ifiaining,  as  it  were,  semi-neutral.  Looking  backwards  it  wiU  be  per- 
ceived that  the  first  and  third  lines,  the  branches  and  the  semi-neiitral 
spaces  result  from  the  strut  strains,  formed  by  the  direct  compression 
from  the  pressure  block  towards  the  abutments,  and  we  may  begin  to 
believe  that  the  second  line  has  been  formed  by  the  introduction  of  a 
distinct  tensile  strain  along  the  lower  part  of  the  beam,  creating  with  a 
horizontal  compressive  stress  the  bending  moment  which  is  just  break- 
ing in  to  complicate  the  strains.  Simultaneously  with  this  bending 
moment  it  will  be  perceived  that  colored  curves  appear  upon  the  to^i  and 
bottom  of  the  beam.  This  beam,  however,  is  far  advanced  towards  the 
point  of  rupture. 

Fis  a  longer  slip  in  proportion  to  its  depth,  but  the  local  pressure  stiU 
upon  its  centre.     In  this,  the  general  neutral  space  is  a  broken  curve  or 
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arch  from  one  abutment  to  another,  only  sending  off  cloudy  branches, 
towards  the  upper  corners  of  the  beam,  and  the  lower  corners  of  the 
pressur(>  l)lock.  This  slip  has,  as  yet,  been  little  pressed,  and  the  yeUow 
color  of  th(^  curves  sIioavs  that  they  have  but  recently  made  their 
appearance.  In  G  is  shown  the  image  of  a  beam  upon  the  border  of 
breakage,  generally  similar  in  character  to  F,  but  the  beam  being  longer 
in  proportion  to  its  depth,  the  arch  becomes  much  flattened;  we  still 
observe  tlie  running  u^)  of  the  neutral  space  towards  the  same  points,  and 
further  notice  that  they  enclose  the  colored  curves  in  so  doing,  like  the 
(quiescent  water  v.-hieh  lies  between  opposite  vortices. 

Ha,  Hh,  is  a  beam  mth  the  load  equally  distributed.  The  "strut 
force  "  lias  disappeared  from  the  top  and  is  only  marked  upon  the  beam, 
where,  starting  from  the  abutments,  it  becomes  diffused  about  the  centre, 
spreading,  as  might  have  been  expected,  when  a  local  strain  was  changed 
to  a  general  one  throughout  the  whole  top  of  the  beam.  Undirected  by 
a  local  pressure,  it  becomes  undefined  and  cloudy,  the  neutral  space  be- 
longing to  the  regular  bending  movement  of  the  beam,  detaching  itself 
and  becoming  a  horizontal  line  for  the  first  time.  The  colored  curves 
are  regular  and  nearly  equal  on  top  and  bottom,  and  with  the  exception 
of  the  "  strut  force  "  which  appears  in  the  negative  at  the  abutments, 
and  the  complimentary  shading  in  the  positive,  there  is  no  sign  of  local 
pressure.  It  may  be  noticed,  too,  how  its  colored  curves  are  becoming- 
more  nearly  similar  in  positive  and  negative  images — how  the  colors 
are  becoming  more  plainly  complimentary  in  the  two  images  and  how 
an  umbra,  Avhich  is  a  trae  neutral  axis,  surrounds  the  colored  curves  of 
the  negative  and  connects  them  across  the  centre.  Looking  back,  we 
may  now  perceive  this  neutral  axis,  in  direction  nearly  perpendicular  to 
the  one  in  the  positive  image,  has  followed  us  up  from  the  column  to  this 
jioint  and  Avill,  beyond. 

/  is  a  long  l)eam  in  the  ratio  of  its  depth,  and  we  see  clearly  how  its 
length,  or  rather  its  flexibility  draws  the  neutral  axis  out  into  a  nearly 
straight  direction,  parallel  with  the  top  and  bottom  edges  ;  yet  leaving 
perforce  a  slight  upward  tendency  in  the  mid<lle  of  its  length  due  to  the 
local  force. 

./  is  different  in  character  from  all  the  foregoing,  and  in  attempt, 
represents  a  raih'oad  bar  pressed  upon  at  one  point,  resting  upon  two 
cross  ties,  and  prevented  from  rising  by  others,  to  which  it  is  sup- 
posed to  be   sjjiked.      Again   the   self-same   laws   prevail,    the   neutral 


space  in  general  hoi'izontal,  tends  to  bend  itself  toAvards  each  pressing 
point,  and  as  in  all  the  other  images  to  brush  out  when  free. 

Those  beams  of  Mr.  Hodgkinson's,  by  his  o'\\u  account,  which  plainly 
showed  the  neutral  axis  as  being  above  the  centre  of  gravity  of  tlu- 
transverse  sections  of  his  beams,  were  broken  at  the  centre  hy  a  hlon-.  It 
was,  therefore,  as  these  drawings  show,  the  local  force  and  not  the  ratio 
of  comi^ressive  and  tensile  resistances  w^hich  governed  its  position.  Mr. 
Barlow  experimented  with  long  beams,  twice  as  long  in  jiroportion  tc 
the  depth  as  any  of  those  which  aj)pear  here,  and  nearly  1.5  times  us 
long  as  those  mentioned  by  Mr.  Hodgkinson  in  this  connection.  As 
the  increase  of  the  "bending  movement,"  and  the  decrease  of  the 
"  strut  strain"  keep  pace  with  this  lengthening  of  the  beam  in  the 
ratio  of  its  depth,  he  naturally  found  the  neutral  axis  more  nearly 
horizontal  and  less  distorted  than  even  in  /.  Beams  of  glass,  with  n 
ratio  of  1  to  14,  which  is  the  proportion  of  those  used  by  Mr.  Barlow,  shoA\- 
a  very  faint  distortion  from  the  horizontal,  and  measuring  as  he  did  from 
points  one  foot  distant  from  each  other,  this  shght  distortion  might 
easily  have  escaped  the  scrutiny  of  his  micrometer.  Indeed  it  must  be 
almost  indefinite  in  beams  having  a  ratio  of  more  than  1  to  10. 

May  not  it  then  be  said  of  the  neutrality,  as  it  appears  by  polarized 
light,  that  it  is  not  a  mere  line  in  the  mathematical  sense  of  the  word, 
but  by  reason  of  the  cohesion  of  material  or  other  cause,  is  extended  \x) 
a  breadth,  and  can  never  become  a  true  line  until  the  tensile  and  com- 
pressive forces  become  in  relation  to  the  cohesion — infinite;  or,  in  other 
words,  that  although  the  neutrality  of  "  stress"  is  a  mathematical  line, 
yet  as  in  material  it  must  require  a  certain  definite  "  stress"  to  produce 
a  "  strain,"  the  initial  "  strain,"  namely,  that  sufficient  to  overcome 
cohesion  must  be  at  some  distance  from  the  mathematical  line  of 
neutraUty.  Beyond  this  it  appears  that  its  longitudinal  direction,  like 
the  directions  of  lines  of  strain,  is  not  an  arbitrary  one,  but  is  resultant 
from  the  relative  qualities  and  quantities  of  all  the  forces  in  the  beam, 
its  evident  place  in  physics  being  precisely  that  of  the  still  Avater  betAveen 
opposing  eddies  or  A^ortices.  * 

PosiTrvE  AND  Negatia'e  Images. — It  Avill  be  noticed  that  as  yet  no 
cause  has  been  discussed  for  the  difference  between  the  right  and  left- 


*  The  neutral  character  of  the  dark  bands  is  most  plainly  shown  by  working  at  an  open 
window,  where  a  large  quantity  of  ordinary  light  is  reflected  from  the  polarizer.  The  neutral 
portions  are  pervious  to  ordinary  light;  and  by  this  means  a  white  speck  set  ujion  the  polarizer 
may  be  made  to  pass  across  them,  by  a  motion  of  the  head,  from  one  set  of  curves  to  the  other, 
aa  a  star  passes  across  a  clear  belt  of  sky  from  cloud  to  cloud. 
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hand  views  in  tlie  plate — tlie  positive  aud  negative  images.  To  under- 
stand these,  it  is  necessary  to  know,  generally,  that  polarized  light  differs 
from  ordinary  light,  insomuch  that  instead  of  vibrating  from  a  centre 
outward  in  all  directions,  in  the  same  transverse  plane,  the  pulsations  are 
confined  to  two  directions  which,  when  a  completely  polarized  state  is  ef- 
fected, are  at  right  angles  to.  each  other.  In  this  condition  the  pulsations 
in  one  direction  are  transmitted  through  certain  substances,  when  the 
l)eam  of  light  strikes  them  at  particular  angles,  whilst  the  i^ulsations  in 
the  other  are  reflected,  and  vice  veraa.  Secondly;  if  ordinary  light,  or 
either  of  these  beams,  are  transmitted  through  :i  bi-refractive  substance, 
there  will  be  a  di^dsion  into  two  other  beams  at  right  angles  to  each  other, 
and  these  falling  upon  an  analyzing  medium,  properly  arranged,  will  be 
either  transmitted  or  reflected,  according  to  the  angle  of  their  pulsations, 
so  that  the  eye  will  be  only  able  to  discern  the  one  reflected  or  the  one 
transmitted.  Thiis  the  ordinary  light  coming  through  the  window  was 
polarized  by  falling  upon  the  polarizer  at  an  angle  of  57^,  one  beam  was 
transmitted,  and,  so  far  as  we  were  concerned,  wasted.  The  other  re- 
flected was  made  to  pass  through  the  object  which,  impervious  to  it  in  an 
unstrained  state,  became  pervious  and  bi-refractive  in  a  strained  state, 
again  di\'idiug  the  one  beam  into  two,  at  right  angles  to  each  other;  the 
one  of  which  is  reflected  to  the  eye  from  the  surface  of  the  analyzer,  and 
the  other  transmitted  through  its  face,  but  absorbed  by  the  blackened 
back,  until  a  revolution  in  part  of  the  object  changes  the  directions  of 
pulsation  and  reverses  the  condition  of  the  two  rays. 

When  experiments  were  being  made  upon  the  first  tubular  bridges,  it 
was  found,  that  a  wave  of  "buckling  "  always  followed  an  angle  of  45°, 
from  the  top  where  the  load  was  placed  towards  the  bottom;  even  cross- 
ing the  stiffners  piit  in  to  retain  this  normal  angle.  This  was  similar  in 
principle  to  what  is  here  called  a  "  strut  strain. "  Evidently  this  would 
be  impossible  in  equilibrium,  unle.ss  there  also  existed  a  corresponding 
tensile  strain  at  right  angles.  A  resultant  of  these  stresses  in  a  beam 
would  ob^dously  lie  vertical.  Again,  it  is  known  that  the  principal  stress 
in  an  ordinary  beam  is  the  horizontal  stress,  composed  of  a  compression 
in  the  top  and  a  tension  in  the  bottom,  and  that  the  resultant  of  these 
is  parallel  to  them  and  is  called  generally  the  neutral  axis.  There  are, 
therefore,  two  resultants  at  right  angles  to  each  other. 

In  the  first  section  it  was  shown,  that  the  true  neutral  axis  of  a  beam 
was  not  necessarily  the  horizontal  line,  usually  so  called,  but  a  line  result- 
■mt  from  the  actions  of  both  the  liorizontal  and  strut  stresses,  Avhich  was 
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derived  from  the  fact  tliat  tlie  neutral  or  iiustrained  ly.ivt  of  the  beam  co- 
incided with  this  form.  In  a  beam  loaded  with  a  distributed  load,  or  one 
which  is  very  long  in  proportion  to  its  depth,  the  strut  stresses  assume 
angles  of  45°,  as  before  shown  in  the  ease  of  the  tul)ular  bridges,  become 
individually  small  in  comparison  with  the  horizontal  or  flange  stresses, 
and  the  horizontal  stresses  govern  the  resultant  almost  entirely,  but  as 
the  beam  is  shortened,  so  that  the  strut  or  web  stresses  between  the  load 
and  abutments,  obtain  an  ascendancy  over  the  flange  stresses,  then  the 
strut  stress  interferes  controllingly  with  the  horizontal  stress,  and  changes 
the  direction  of  the  resultant  axis  until  in  a  column  it  becomes  entirely 
vertical. 

By  a  re- examination  of  the  drawings  it  mil  appear  that  when  the 
strut  sti'ains  are  in  an  ascendan(!y  over  the  horizontal  strains,  the  nega- 
tive images  are  by  far  the  Ijrightest,  and  although  thej  afterwards  become 
duller — as  the  strut  strains  become  relatively  less — yet  the  preponderance 
of  vertical  stress  is  always  evident  in  them  On  the  other  hand,  the  in- 
stant a  tensile  stress  was  introduced,  so  as  to  oppose  the  compression  or 
strut  stress,  and  resolve  the  effect  into  horizontal  or  "flange"  stress, 
the  positive  images  became  brighter,  and  continued  so  to  grow  ceteris 
paribus,  with  the  increase  of  the  beam  in  length,  and  consequent  relative 
increase  of  tensile  and  flange  strains.  Further,  it  should  be  remembered, 
that  divers  stresses  may  exist  in  the  same  piece  of  material,  crossing  each 
other,  and  probablj^  being  mutually  neutralized  at  the  crossing,  but  con- 
tinuing on  afterwards  as  individual  and  intact  as  when  first  they  met. 

As  the  glass  is  per-\dous  to  polarized  light,  when  strained,  and  impervi- 
ous when  unstrained,  we  can  only  regard  the  light  parts  as  strained  in 
proportion  to  their  l)rightness,  and  the  dark  portions  as  unstrained  or 
neutral;  and  as  the  strain  is  the  cause  of  the  bi-re fraction,  it  follows  that 
the  latter  must  be  governed  hj  the  laws  which  govern  the  former..  Fur- 
ther, the  resultant  angles  of  the  strains  are  rectangles,  as  are  the  angles 
of  polarization,  and  as  the  strains  change  in  character,  so  do  the  polar 
images  change  in  correspondence.  It  follows,  then,  that  the  images  are 
pictures  of  the  strains. 

But  this  may  be  examined  in  another  manner.  If  all  the  light — ex- 
cept that  which  falls  upon  the  jjolarizer — were  dispensed  with,  the  object 
seen  by  the  eye  without  the  intervention  of  the  analyzer,  would  yield  no 
appearance  of  color,  but  only  white  light.  Now,  aUthe  stresses  in  a  beam, 
when  united,  must  be  in  equilibrium,  hence  the  light  which  measures  and 
was  produced  by  them,  should  also  be  in  equilibrium,  or  iii  other  words. 
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colorless  when  the  two  rays  are  united.     From  this  is  deduced  that  tiie 
l)ositive  and  negative  images  are  complementary  in  form  and  color. 

Further,  it  may  be  fairly  assumed,  should  these  reasonings  be  correct, 
that  if  there  is  any  one  point  in  the  object  which  is  under  no  strain, 
whatsoever  stresses  be  applied  to  the  beam,  that  point  must  remain  dark 
under  all  revolutions  of  the  object  or  analyzer.  "  Now,  there  is  such  a 
point  in  the  centre  of  the  beam,  nearly  in  the  middle  of  the  primary  neu- 
tral axis,  and  between  the  forks  of  the  strut  strains,  and  which,  by  laws 
already  discussed,  resolves  itself  into  a  space,  and  this  dark  space  is 
always  observable  in  the  analyzer,  forming  a  sort  of  nucleus,  from  which 
the  changes  from  positive  to  negative  and  the  reverse  take  place  during 
the  revolutions.  It  is  obvious  that  this  point  marks  the  crossing  of  the 
resultant  axes,  the  one  formed  by  the  "  web  "  or  strut  strains,  the  other 
by  the  "  flange  "  or  horizontal  strains,  as  before  discussed.* 

CoLOKED  CuKVES  AND  Secondaky  Neutbal  Axes. — The  appearance  of 
the  light  around  the  neutral  band  is  the  first  symptom  of  distortion  in 
the  positive  image,  but  soon  there  appears  upon  the  top  and  bottom 
edges  faint  segments  of  yellow.  At  the  lower  side  this  occupies  a  large 
portion  of  the  distance  between  the  points  of  support,  but  at  the  top  it 
varies  with  the  arrangement  of  the  load,  the  chord  to  the  segment  having 
nearly  the  length  of  that  part  of  the  beam  directly  pressed  by  the  load. 
If  the  load  be  uniformly  distributed  over  the  whole  length  of  the  beam, 
the  segment  is  similar  at  top  and  bottom,  but  if  this  be  local,  say  consist- 
ing of  a  block  of  hard  sole  leather  as  a  guard  to  the  screw,  then  the  seg- 
ment will  have  about  the  same  length  as  the  block,  and  two  smaller  seg- 
ments, differing  a  little  in  form,  wiU  appear  at  the  sides.  Beyond  these 
again  bright  curves  ajjpear,  as  though  preparing  for  the  formation  of 
more  colored  segments;  but  the  -wi-iter  has  never  succeeded  in  bringing 
out  more  than  three,  with  sufficient  distinctness  in  the  colors  of  the  extra 
ones  to  be  satisfied  as  to  their  character.  It  may  not  be  amiss  to  remark 
here,  that  aU  the  images  and  colors  appearing  were  quite  as  distinct  as 
the  shades  represented  in  the  drawings. 

As  the  pressure  is  increased,  the  yellow  from  both  edges  moves  forward 
towards  the  neutral  band,  becoming  soon  a  zone,  and  a  segment  of  red. 
succeeds.  '  Both  these  continue  to  move  forward  Avith  the  increase  until 
the  red,  too,  becomes  a  zone  and  a  segment  of  blue  appears.   This  is  the 

*  The  writer  will  endeavor,  at  a  future  time  to  present  the  concordance  between  the 
mechanical  and  oi^tical  phenomena,  more  in  detail  and  with  greater  precision.  For  the  pres- 
ent, relying  mostly  upon  the  success  of  the  ultimate  experiments  to  prove  the  law  conceived 
to  be  true,  he  has  preferred  rather  to  suggest  thin  line  of  argument  than  to  closely  follow  it. 
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end  of  the  first  series,  and  \ve  mark  Avitb  interest  that  with  the  hhie  or 
between  that  and  the  red  there  came  a  dark  mysterious  line.  Turning 
the  screw  continnonsly  we  force  the  yellow,  red  and  blue  to  move  for- 
ward, the  blue  l)ecoming  a  zone,  and  bearing  its  dark,  line  with  it, 
which  constantly  grows  darker,  and  yeUow,-red  and  blue  again  chase 
each  other  upon  the  field  to  form  a  second  series.  The  second  blue  also 
has  its  dark  line.  So  far  I  have  found  no  glass  to  stand  more  pressure 
than  this. 

Let  us  now  remember  Mr.  BarloAv's  words:  "But  they  have  led  to 
"  others  (experiments)  which  are  also  described  herein,  and  which 
"  establish  the  existence  of  a  third  and  very  important  element  of 
"  strength  in  beams. " 

In  loading  a  beam,  it  is  probable  that  the  pressing  force  first  seeks  to 
connect  itself  with,  or  as  it  were  feels  for  the  points  of  support ;  after- 
ward the  bending  action  commences.  Now,  suppose  the  load  to  be 
very  small  at  first,  and  gradually  to  increase,  there  must  be  a  time,  for 
the  new  resistance  can  only  exist,  according  to  Mr.  Barlow's  experi- 
ments, after  the  beam  is  bent  somewhat — when  this  resistance  is  only 
just  equal  to  that  portion  of  the  moment  of  the  compressive  force 
(we  are  discussing,  for  simplicity  the  toj)  part  of  the  beam),  which  is 
directly  opposed  to  it,  and  which  may  therefore  be  called  the  bend- 
ing sljress.  Taking  the  vertical  section  through  the  middle  of  the 
beam  for  the  discussion,  Ave  may  fairlj'  suppose  that  this  occurs  just 
when  the  dark  line  betAveen  the  first  blue  and  red  comes  upon  the 
glass.  Mr.  Barlow  has  shoAvn  that  the  ncAv  resistance  or  resistances  in- 
crease as  the  beam  is  bent,  but  as  as'c  knoAV  that  by  the  inci-ease  of  load 
the  beam  is  still  further  bent,  Ave  deriA^e  that  the  bending  force  increases 
faster.  Therefore,  if  at  first  the  bending  resistance,  multiplied  by  its 
minimum  statical  arm,  was  equal  to  the  bending  stress,  multiplied  by 
the  distance  from  the  neutral  axis  to  the  top  of  the  beam  as  its  maximum 
statical  arm,  Avhich  at  equililjrium  it  must  liaA'e  been,  it  must  at  last  be 
equal  to  the  increased  bending  stress,  multiplied  by  a  shorter  arm, 
itself  being  uoav  nuiltiplied  by  an  increased  length  of  arm,  AAdiose  axis  is 
at  the  top  of  the  beam.  The  line  of  equal  moment  then  between 
these  two  forces  must  liaA'e  moA'ed  doAvn  in  the  interim  nearer  to  the 
primary  neutral  axis,  and  must  continue  to  moA'e  doAVUAvards  toAvards 
this  axis  as  the  load  is  increased.  This  is  exactly  the  action  of  the  dark 
line  in  the  blue,  and  its  appearance,  to  one  frequently  engaged  in  examin- 
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ations  l)y  poluriztHl  lit^lit,  is  that  of  a  line  of  equal  antagonistic;  forces — in 
other  words,  a  neutral  line. 

In  a  first  examination  of  this  matter  there  seems  to  be  something 
anomalous  in  the  fact  of  a  neutral  axis  existing  amidst  distorting  forces, 
of  a  line  in  the  top  part  of  a  beam  which  is  neutral,  yet  growing  shortei 
or  in  the  bottom  part  and  retain  its  neutrality  whilst  increasing  in  length 
But  it  is  not  so  ;  for  if  we  should  load  a  beam  to  bending,  and  thei\ 
without  changing  the  relative  status  of  its  flange  strains  compress  or 
stretch  it  bodily  in  length,  we  should  have  precisely  the  same  phenom- 
enon— a  line  which  is  a  neutral  line  between  two  forces — yet  increasing 
or  decreasing  in  length  l)y  the  operation  of  other  forces  acting  independ- 
ently of  the  first.  There  might  be  a  modification  of  form  besides  the 
change  in  length,  but  there  could  be  no  cause  for  annihilation. 

Further  notice  of  the  movement  of  this  secondary  neutral  line  (if  we 
may  call  it  so)  towards  the  primary  neutral  line,  suggests  that  should  the 
two  come  together,  then,  according  to  our  former  reasoning,  the  bending 
stress,  multiplied  by  its  smallest  statical  arm,  Avould  have  become  just 
equal  to  the  bending  resistance,  multiplied  by  its  longest  possible  statical 
arm  (from  the  top  of  the  beam  to  the  neutral  axis),  and  that  any  addi- 
tional increase  of  the  bending  stress,  however  small,  would  bend  the 
beam  infinitely,  because  totallj-  unopposed  ;  or  in  other  words,  the  beam 
would  break.  This  reasoning  was  curiously  confirmed  in  the  folio  wing- 
manner  ;  whilst  watching  the  eonsecutive  phenomena  occurring  in 
several  slii^s,  set  one  upon  another,  thus  fcu-ming  a  laminated  l>eam,  mth 
a  small  hand  microscope,  all  the  slips,  save  one,  suddenly  broke.  For 
some  reason,  perhaps  from  the  elasticity  of  the  broken  glass,  or  perhaps 
the  screw  which  had  been  shortened  by  the  reaction  of  all  the  slips, 
liegan  to  recover  its  length  when  only  resisted  by  one,  the  secondarj^ 
axis  continued  to  move  forward,  so  that  the  observer,  not  having  the 
screw  to  manage,  could  watch  its  movements  at  leisure.  As  it  neared 
the  primary  axis  its  curve  liegan  to  take  the  form  of  a  bow,  the  two 
(Quarters  passing  the  middle  in  the  direction  of  motion,  and  when  very 
close  two  loops  wer^  prominently  advanced,  first  one  and  then  theother_ 
As  the  first  touched  the  iirimary  axis  a  sharp  "  click"  was  heard,  and  fine 
fragments  of  glass  flew  like  hail  from  the  sudden  rupture,  which  followed 
i:\Htat  U/rif  point.  Immediately  the  second  loop  touched  with  precisely 
the  same  phenomena,  when  the  vision  was  gone  and  only  fragments  of 
glass  remained.  It  is  to  be  regretted  that  the  flying  of  the  glass  particles 
made  it  impossible  to  watch  the  movements  of  the  se.ondary  axis  in  tli< 
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lower  part  of  the  beam,  or  either  of  the  dark  lines  in  the  second  blue, 
but  closer  preparation  at  another  time,  when  the  phenomena  is  looked 
for,  may  lead  to  interesting  results. 

Columns. — The  column  appeared  to  us  at  first  as  incidental,  taking  a 
.subordinate  place  in  discussing  the  general  laws  of  a  compressed  l)eam. 
We  shall  now  see  that  its  own  phenomena  are  well  worthy  of  deei^  study 
- — that  it  resists  pressure  by  strange  geonn^tric  laws,  and  marshals  its 
forces  to  oppose  coercion  from  a  vast  depth  of  mathematical  resource. 

Although  "vvith  glass,  probably  on  account  of  its  hardness  in  relation 
to  the  screw,  it  seemed  impossible,  before  breakage,  to  obtain  more  than 
from  3  to  6  rings  at  either  end ,  yet  when  a  softer  material,  such  as  copal, 
was  used,  the  column  was  wreathed  in  colored  bands  from  to^)  to  bottom. 
Obsei've  tlic  il.irk  band  between  the  blue  and  red.  Its  position  is  in- 
varialile  wh^'u  ver  these  two  colors  come  together,  and  from  the  first 
my  suspicious  were  decided  that  it  marked  either  an  unstrained  path  in 
the  I'olumu  or  a  division  of  equal  antagonistic  forces.  In  fact,  we  must 
not  regard  the  bands  as  horizontal  strata,  but  rather  as  sections  of 
oblique  planes  which  follow  the  directions  of  stress.  (See  diametric 
sections  A  and  B,  which  are  the  negative  and  positive  images  of  the 
same  object.) 

It  was  with  a  \"iew  of  assuring  myself  of  the  truth  of  these  suspicions 
that  I  one  day  asked  permission  to  search  through  the  store-room  of  the 
Illinois  it  St.  Louis  Bridge  Comj^any  for  corroborative  i^henomena.  In 
this  room  were  many  objects,  crippled  and  othermse,  which  had  been 
tested  in  the  testing  machine  belonging  to  that  company,  and  I  was  in 
hopes  of  finding  in  changes  of  form  some  assimilation  to  the  arrangement 
of  colors  in  the  glass  columns,  and  especially  something  to  corroborate 
the  neutral  character  of  the  dark  line,  as  ah'eady  provided.  There  was 
no  want  of  testimony  in  any  piece  of  the  existence  of  a  wave  action  in  the 
pressure,  but  in  the  solid  bars  this  Avas  confined  to  a  cone  like  flattening 
(upsetting)  at  either  end,  and  a  determined  "bulging"  in  the  middle  for 
those  compressed,  which  was  reversed  in  those  subjected  to  tejision.  It 
was  common  to  steel,  ii'on,  wood  and  cement  cylinders  (see  L).  Attention, 
however,  was  soon  concentrated  upon  the  tubes,  .-dlof  steel,  Avhiclii)lainly 
exhibited  a  periodic  wave  apparently  at  regular  distances  from  end  to  eiul. 
Not  being  prepared  at  the  time  to  measure  them  carefully  they  were  left 
for  a  future  occasion. 

Still  fiirther  to  test  the  matter  upon  material,  wliicli  Avould  yield  form 
instead  of  color  to  the  forces  brought  to   bear    upon  it,  urr;nigements 
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were  made  by  me  for  :i  change  of  experimeut.  Definite  trials  were 
made  upon  brass  tubes  .45  iuelies  outside  diameter,  .35  inches  inside 
diameter,  and  a  length  necessarily  confined  to  about  1.5  inches  by  the 
small  clamp  used.  These  were  compressed  longitudinally  by  a  screw  until 
the  form  assumed  was  permanent.  .V  gives  an  idea  of  their  original  and 
assumed  apijearance.  These  trials  having  been  carried  through  some  12 
or  15  tubes  and  the  results  subjected  to  measurement,  the  store-room  of 
the  Bridge  Company  was  again  visited,  and  a  scale  used  to  measure,  as 
correctly  as  possible,  the  distance  between  the  waves  on  the  steel  tubes. 
Then,  with  very  little  labor,  the  results  were  tabulated,  and  with  not 
much  more  (since  either  the  outside  or  inside  diameter,  or  the  radius  of 
giyration,  were  almost  obviously  the  base,  and  some  oblique  line  pro- 
ceeding from  the  axis  of  the  tube  outwards,  as  certainly  the  hypothenuse 
of  a  triangle  of  pressure)  the  following  empyric  exj)ression  was  derived, 
which,  so  far  as  I  can  discover,  will  locate  any  wave  in  relation  to  another, 
the  material  of  the  tube  being  of  course  equally  resistant  from  end  to 
end.  Measuring  from  ventral  to  ventral,  we  have  when  x  =  distance, 
R  =  outside  radius,  r  :=  inside  radius,  a  =  constant  quantity  varying  Avith 
the  material  alone  and  dependent  upon  the  angle  at  which  it  most  easily 
yields. 

.0  =  a  y  i22  _j_  ^.-'^ 
2        ' 
This  formulae  seems  for  brass  tubes  to  become,  as  nearly  as  could  be 
discovered, 


a,nd  for  steel  tubes, 
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a  being  equal  to  unity.  The  steel  tubes  measured,  varied  from  1.5  to  2 
and  5  inches  in  outside  diameter,  the  waves  on  the  only  one  of  the  latter 
present  being  perceptible,  but  faint  except  at  the  ends,  from  1  to  42 
inches  in  length,  and  from  .05  to  .25  inches  in  thickuf^ss  of  wall.  They 
were  9  in  number. 

It  became  now  necessary  to  show  some  cause  for  these  phenomense 
and  to  bring  their  relations  Avith  the  colored  rings  in  the  glass  column, 
and  especially  with  the  dark  line  between  the  blue  and  red,  into  closer 
.connection.  With  this  idea  a  theory  already  prevised  in  part  from  the 
Colored  rings  was  taken  up,  with  what  a^ipears  to  the  writer  a  successful 
issue,  as  follows. 
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We  learn  from  Rankin's  •'  Civil  Engineering  and  Applied  Mechanics," 
"  that  no  tangential  stress  can  exist  as  a  simj^le  stress,  but  must  be  ac- 
"  eompanied  by  another  stress,  uxjon  another  plane,  and  that  these  two 
' '  stresses  have  a  resultant,  Avhich  becomes  a  maximum  when  they  are 
"  equal,  dejaarting  from  each  at  an  angle  of  45-." 

Let  us  then  consider  the  condition  of  a  solid  or  hollow  column, 
pressed  evenly  over  the  top  by  a  great  load,  and  resting  upon  a  tiat  sur- 
face at  the  bottom.  Evidently  the  A\eight  must  exert  a  tangential  stress 
upon  the  Avails  of  the  hollow  column,  or  the  edges  of  the  ultimate 
particles  of  a  solid  one,  and  as  the  longitudinal  section  of  the  col- 
umn is  rectangular,  Ave  may  look  foi'  the  accompanying  stress  to  be  at 
right  angles  to  it.  Let  tis  for  convenience  consider  these  stresses  to  be 
equal,  their  resultant  Avill  have  a  direction  between  them  and  45°  distant, 
and  if  K  represent  the  column,  A  A'  and  A  A"  Avill  represent  the 
resultants  of  the  stresses.  But  these  resultants  act  to  push  the 
material  outwards  at  A'  and  A",  and  as  their  action  is,  therefore,  tan- 
gential or  distorting,  there  results  from  our  first  laAV,  and  directly  from 
this  effect,  two  other  "accompanying"  stresses,  C,,  A'  and  G,  A",  Avhich 
tend  to  draw  the  material  atoms  from  G  towards  A'  and  A".  Now,  where 
these  stresses  interfere  at  ^1'  A",  they  mutually  neutralize  each  the  A"erti- 
cal  com})oneut  of  the  other,  so  that  there  only  remains  at  A'  A"  horizon- 
tal forces,  and  where  they  interfere  at  G,  they  mutually  neutralize,  each, 
the  horizontal  component  of  the  other,  so  that  there  only  remains  at  G 
the  A'ertical  component,  equal  to-  the  Aveight  at  ^4,  AA'itli  AA'hich  Ave  com- 
menced this  discussion,  and  the  plane  B,  B',  is  precisely  in  like  condition 
as  regards  stress  to  the  plane  at  ^1.  It  follows  as  a  corollary  that  like 
conditions  below  B,  B',  Avill  produce  like  results  to  those  at  ^1,  and 
B,  B',  and  so  on  for  any  number  of  equal  divisions  or  periods,  and  it  also 
follows  that  such  planes  as  ^1  and  B,  B',  &c.,  are  unstrained  by  horizon- 
tal forces,  and  should,  therefore,  apjjear  daj-k  in  the  positive  image,  and 
that  such  planes  as  ^4'  A'\  Arc,  are  unstrained  by  the  A'ertical  forces,  and 
should,  therefore,  be  dark  in  the  uegatiA^e  image,  which,  in  the  bi-refrac- 
tive  glass  columns,  under  polarized  light,  Ave  find  to  be  true,  whilst  in  the 
metal  tubes  compressed  Ave  find  a  concording  forjn. 

L  shoAV's  the  form  of  the  Avave  assumed  by  thin  brass  tubes — i^roba- 
lily  anj^  thin  tube — AA-hich  has  for  its  periods  the  same  formula  as  the 
thicker  ones,  but  difters  in  the  vertical  fold,  and  the  consequent  inter- 
laced triangular  section.  It  is  probable  that  the  vertical  fold  does  not 
occur  from  any  definite  change,  but  only  from  a  modification  of  our  law. 
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iiiid  may  ratlier  be  regartli'd  us  a  buttress,  thrown  out  by  tubes  of  ii  cer- 
tain thinness,  to  resist  transverse  bending,  and  from  thence  ijropagated, 
by  the  natural  pulling  of  the  force  of  its  creation,  upon  straight  Hnes, 
and  located  by  the  well  known  properties  of  the  equilateral  triangle  as  a 
perfect  figure  of  equilibi'ium.  Its  position  in  the  succeeding  period  mid- 
Avay  between  those  formed  above  it,  so  that  one  triangle  interlaces  with 
and  bisects  the  other,  may  also  be  accounted  for  by  the  fact  that  the 
middle  of  the  side  of  the  triangle  is  its  weakest  point,  and  the  new  but- 
tresses are  thrown  out  there  in  consequence  of  greater  yielding  at  that 
place. 

Remakks  on  Attendant  Phenomen.e. — It  was  apparent  during  the 
course  of  these  experiments  on  columns  that  each  piece  of  material  was 
mechanically  polar,  or,  in  other  words,  had  a  favorite  end.  This  was 
shown  in  glass  and  brass  by  the  end  against  which  the  screw-plate 
worked,  yielding  first.  In  the  thick  tubes,  and  in  transparent  columns, 
this  was  followed  by  the  other  end,  and  in  the  same  tubes,  and  in  softer 
transparent  material  than  glass,  by  the  intermediate  ventral  points.  Of 
course,  after  a  certain  yielding  in  glass  columns,  the  balance  of  com- 
pression was  against  the  brass  screws,  which  then  yielded  more  in  this 
direction  than  the  glass,  the  glass  column  ultimately  giving  way  by  split- 
ting down  perpendicularly,  as  all  vdtrious  substances  naturally  do,  except 
a  transverse  crushing  where  the  rings  had  appeared,  making  a  nearly 
cubical  fracture.  In  thin  tubes  the  waves  formed  from  the  screw  or 
active  end  towards  the  other  end  consecutively. 

When,  as  frequently  occurred,  the  tubes  were  not  of  exact  length  to 
make  a  regular  succession  of  equal  waA^es,  then  the  difference  was  inva- 
riably made  upon  the  base  or  passivg  end  by  a  half  wave  longer  or 
shorter  than  the  normal  half  wave  shown  at  each  end  in  the  drawings. 
In  only  one  case  was  an  alinormal  wave  noticed,  this  in  a  lirass  tube  with 
an  evident  soft  place  in  the  material,  which  divided  into  five  waves  in  the 
usual  space  for  four,  one  wave  coming  within  the  soft  place. 

In  the  laroposition  it  will  be  noticed  that  the  lines  A  A',  A  A",  C  A' 
and  ('  A"  are  straight.  This  was  only  the  natural  result  of  an  attempt 
to  investigate  forces  proceeding  from  one  point  to  another.  Subsequent 
experiments,  which  have  not  been  as  yet  sufficiently  wrought  to  publish, 
lead  me  to  regard  these  as  curved  lines,  and  to  consider  the  figure  A  A', 
(^  A"  as  approaching  an  ellijise  corresponding  to  the  rhombus  shown. 
The  figures  in  the  lower  divisicnis  Avould  then,  of  course,  suffer  the  same 

change  from  the  same  law. 

4,1, 
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I  have  tlioiiglit  if  large,  hollow  i-ohimns  yielded  under  the  same 
law,  and  it  should  appear,  as  apparent  from  the  proposition  and  from 
other  facts,  that  the  law  governs  before  the  limit  of  elasticity  was  reached, 
then  by  reinforcing  columns  by  bands  shrunk  on  at  the  i^laces  pointed 
out  by  formulae,  w'e  might  greatly  strengthen  them  at  a  small  expense  for 
additional  material  in  the  shape  of  rings  (See  0) . 

In  conclusion,  it  seems  to  me,  subject  to  higher  decision,  that  the  law 
of  the  periodicity  of  force  in  i^ressures,  and  probably  in  tension,  has  been 
fully  proved  in  this  paper,  which  will  assist  in  accounting  for  the  eftects 
of  re-occurrent  applications  of  force,  and  for  the  law  of  lamination  under 
pressure,  in  planes  perpendicular  to  the  direction  of  pressure. 

Me.  CH.\itLiES  Macdonald.  * — The  experiments  upon  which  formuLe  in 
common  iise,  for  the  proportion  and  strength  of  beams,  are  based,  were 
made  upon  c.u1>es  of  the  materials  tested  ;  and  it  is  found  that  the  con- 
stants derived  are  inapplicalile  to  ordinary  cases  in  practice.  It  is 
known  that  a  beam,  loaded  so  that  its  outer  fibres  by  formula  should 
be  under  a  maximum  strain,  will  stand  a  greater  load.  The  constants 
employed  in  calculating  the  strength  of  4i  beam  should  be  determined 
from  experiments  upon  a  similar  beam  of  the  same  material,  and  not 
those  given  for  direct  tension  and  compression. 

Mr.  Alfred  P.  Boller. — A  recent  comi)arison  of  various  standard 
formuhe  for  the  strength  of  beams,  made  Ijy  taking  a  given  beam  and 
calculating,  with  each  formula,  its  safe  load,  gave  as  follows  : — two,  25 
tons  ;  one,  30  tons  ;  and  one,  37  tons.  The  last  was  from  Mr.  Baker's 
formula,  in  which  he  has  introduced  the  resistance  due  to  flexion.  The 
beam  taken  was  3  by  6  inches,  and  5  feet  long.  Engineers  should  know 
more  of  the  strength  of  materials.  The  ftirmulse  used  involve  the  ap- 
plication of  constants  ranging  variously  from  maximum  to  minimum 
strength.  These  often  differ  widely,  and,  therefore,  give  uncertain  le- 
sults. 

Prof.  De  VoiiSOn  Wood. — The  point  of  greatest  interest  to  me  in  the 
paper  read,  is  whether  the  neutral  axis  is  a  line,  or  a  space  as  water  in  an 
eddy.  In  regard  to  the  neutral  axis  and  strength  of  beams,  as  determined 
by  ordinary  rules,  the  fact  is,  if  we  assume  in  a  bent  beam  that  the  ex- 
tensions and  compressions  are  proportional  to  the  distance  of  the  (ele- 
ments from  the  neutral  axis,  and  take  the  modulus  of  tenacity  or  of 
crushing,  as  the  case  may  be,  for  the  modulus  of  rupture  of  the  beam,  a 
beam  proportioned  in  accordance  there^\'ith  \nh  have  an  excess  of  strength. 


*  A  portion  of  the  following  was  presented,  through  the  Secretary,  February  19lh,  1873. 
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To  illustrate  this,  take  the  case  of  cast-iron,  -svhich  is  the  best  example  in 
practice  : — the  mean  tensile  strength  (T)  of  cast-iron  is  16,000  pounds, 
and  the  mean  crushing  strength  (f)  is  100,000  pounds,  or,  for  conveni- 
ence, six  times  as  great  as  the  other — 96,000  pounds.  If  the  beam  is 
rectangular,  supported  at  its  ends  and  loaded  in  the  middle,  we  have 
the  well  known  formula  : — 

\Pl=\,Rhd- 
in  which  P  is  the  weight,  /  the  length  of  the  beam,  h  its  breadth,  d  its 
depth,  and  R  the  modulus  of  rupture.  According  to  the  theory,  the  value 
of  R  should  be  16,000  pounds,  but  according  to  experiments  it  is  found 
that  the  mean  value  of  R  for  cast-iron  rectangular  beams  is  about  36,000 
pounds.  Former  writers  do  not  explain  this  discrepancy,  but  simply 
Mlniit  a  defect  in  the  theory,  and  pass  it  over  by  saying  that  a  proper  co- 
^-tHcient  of  safety  will  make  the  formula  a  safe  one.  Barlow  detected  a 
uew  element  of  strength,  which  he  called  "  resistance  to  flexure,"  a  term 
which  is  unfortunate,  as  all  the  forces  in  a  beam  which  resist  bending,  are 
resistances  to  flexure  ;  "longitudinal  shearing  resistance"  is  a  better 
term,  and  one  now  used.  This  force  is  the  resistance  of  the  fibres  to  be- 
ing drawn  over  each  other.  If  there  were  no  such  resistance  the  fibres 
would  retain  their  original  length.  To  illustrate,  suppose  that  several 
very  thin  but  perfectly  smooth  boards  of  equal  lengths  were  placed  above 
each  other,  and  sui^ported  at  the  ends.  If  now  the  pile  of  boards  is  bent, 
aU  the  boards  will  retain  their  original  length,  and  the  ends  will  set  past 
each  other,  as  shown  in  Fig.  3,  but  the  pi,,   3 

general  range  of  the  ends  AAiU  be  parallel 
to  each  other.  If  we  suj^pose  that  there 
is  friction  between  the  surfaces  of  the 
successive  boards,  the  upper  ones  will  necessarily  be  shortened,  and  the 
lower  ones  elongated.  In  a  beam,  the  consecutive  elements  are  ixnited  by 
cohesion,  and  Barlow  found  by  a  critical  examination  of  those  of  cast 
and  wrought-iron,  that  the  transverse  sections  remained  normal  to  the 
neutral  axis  during  flexure,  and  in  this  case  the  ends  will  not  be  parallel, 
as  seen  in  Fig.  4.  '  Fig.  4.  This  being  so,  and  bear- 

ing in  mind  the  /'TN  analogy     lietween    this 

case  and  that  of    /"     ' — \^ — ■ — -^""^X    the  thin  boards,  we  see 

that   besides  the    /f ■ — A     forces     which    produce 

direct  elongation  and  compression,  there  is  a  force  between  the  con- 
secutive elements  somewhat  analogous  to  friction : — this  is  longitudinal 
shearing  resistance.      Barlow  found  the  laws  which  govern  this  resist- 
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auce  £it  the  point  of 'rupture,  and  modificiT  the  formulai  accordingly. 
The  mode  of  his  investigation  and  his  results  are  fully  described  in  the 
"  Civil  Engineer  and  Architects  Journal,"  Vols.  XIX  and  XXI.  I  con- 
sider them  the  most  weighty  and  valuable  sets  of  experiments  that  have 
ever  been  made  upon  beams,  so  far  as  theory  is  concerned. 

It  is  evident,  the  ordinary  law  that  the  strains  vary  as  their  distance 
from  the  neutral  axis  cannot  apply  to  X  sections,  for  to  secure  such  action 
there  miist  be  at  least  a  continuity  between  all  the  elements  of  the  flange 
and  those  at  the  neutral  axis.  Barlow  mnde  his  formuhe  applicable  to 
this  case,  but  it  is  equally  evident  that  they  cannot  be  rigidly  correct. 
In  all  flange  sections  there  is  a  peculiar  combination  of  the  sti'ains  about 
the  angles  where  the  flanges  join  the  web,  and  it  seems  imi30ssil)le  to  as- 
sign the  laws  which  govern  them. 

Prof.  Norton,  of  Yale  College,  determined  from  direct  exiieriment, 
the  fact  of  a  transverse  shearing  resistance  in  beams,  and  also  the  laws 
Avhicli  govern  it  for  rectangular  beams.  His  article  was  published  in 
the  "Journal  of  Arts  and  Science"  and  in  "Van  Nostrand's  Eclectic 
Engineering  Magazine."  I  had  detected  the  same  analytically.  If 
transverse  elasticity  only  existed  in  a  beam  it  would  be  deflected.  To 
show  this  by  a  figure, — suppose  fhat  short  portions  of  the  beam  were 
perfectly'  non-elastic,  and  that  between  these  were  elastic  sections.  Then 
"ttill  a  beam  Avhich  is  supported  at  its  ends,  and  loaded  at  the  middle  be 
deflected,  as  in  Fig.  5.     If  the  beam  has  Fig.  5. 

a  continuous  transverse  elasticity,  it  be- 
comes evident  that  the  deflection  will  be 
as  shown  in  Fig.  6.     The  deflection  due 

to        this 

cause  is  additional  to  that  due  to  Na- 
vier's  theory,  while  longitudinal  elastic 
sliearing  resistance  will  diminish  it. 
It  is  worthy  of  note  that  the  strength  of  beams,  as  determined  from 
Barlow's  new  formuhe  and  constants,  agrees  remarkably  well  with  the  ac- 
tual strength  for  all  the  forms  which  he  used.  It  is  hardly  to  be  exi)ected 
that  a  simple  law,  or  laws,  can  be  given  which  will  be  applicable  to 
all  the  forms  of  beams  noAv  used  in  practice.  The  constants  which  are 
determined  from  solid  rectangular  beams  will  doubtless  apply  practically 
to  solid  beams  of  all  dimensions,  but  not  to  other  forms.  For  instance, 
if  solid  cast-iron  beams  give  E  =  36,000  pounds,  it  will  not  be  safe 
to  use  this  value  for  hollow  beams,  or  X  beams.  For  such  beams 
7  ^  16,000  jiounds  is  safe,  but  may  give  an  excess  of  strength. 
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Me.  Bollku. — It  is  best  to  make  a  beam  proportiouetl  similar  to  those 
to  be  used.  Break  it  ami  deduce  tlierefrom  a  constant.  The  formnhe 
for  I  beams  are  safer  for  thin  than  thick  webs — say  i-iuch  web  and  4-incli 
flange. 

Pkof.  Wood.— The  experiments  of  Baron  Yon  Weber,  "Engineer- 
ing." 1870,  showed  that  the  web  had  never  been  made  too  thin. 
Where  the  flange  and  web  are  joined  there  should  be  a  large  curve. 

Mr.  Macdonald! — In  T.  C.  Clarke's  description  of  the  Quincj-  Bridge, 
there  is  a  statement  that  12-inch  X  floor  beams,  15^-  feet  long,  suspended 
in  pairs  from  panel  points  about  12  feet  apart,  and  carrying  a  single  track 
of  4  feet  8h  inches  gauge,  scarcely  deflected  under  a  maximum  engine 
load,  which  caused  a  strain  upon  the  outer  fibres  at  least  equal  to  14,000 
jiounds  per  square  inch,  according  to  formuUe  in  general  use. 

Prof.  W^ood. — We  should  not  projjortion  structures  in  reference  to  the 
ultimate  strength  of  the  parts,  l:)ut  in  reference  to  their  elastic  Limits. 
The  elasticity  of  the  material  should  not  be  damaged.  Some  irons  which 
are  very  tenacious  have  a  low  limit  of  elasticity,  while  others,  and  espe- 
cially certain  grades  of  steel,  seem  to  preserve  their  elasticity  for  a  strain 
nearly  equal  to  half  their  tensible  strength.  Capt.  Eads,  in  the  construct- 
ion of  the  St.  Louis  bridge,  insists  upon  preserving  the  elasticity  of  the 
steel,  and  very  careful  experiments  are  made  to  determine  its  elastic  limit. 

CoL.  W.  E.  Merrill.  — I  regret  I  cannot  give  this  as  thorough  an  ex- 
amination as  I  could  wish.  It  opens  a  field  for  investigation  that  promises 
the  most  useful  results  in  a  matter  of  vital  interest  to  Engineers  and  Ar- 
chitects, and  in  fact  to  every  one:  the  laws  of  the  action  of  strains  on 
materials  used  in  construction,  and  the  proper  method  of  meeting  and 
sustaining-  them  with  assured  safety.  Being  quite  unfamihar  with  the  use 
and  laws  of  polarized  light,  I  do  not  feel  competent  to  discuss  the  very 
interesting  results  obtained,  but  the  method  chosen,  and  the  means  pur- 
sued, seem  most  admirable.  The  j)lan  of  using  glass  to  find  out  the  laws 
of  steel  and  iron,  reminds  me  of  the  practice  of  physicians  in  ancient 
times  of  determining  the  laws  of  the  human  body  by  experiments  upon 
inferior  animals.  The  limitations  of  sense  having  appai'ently  put  an  in- 
superable barrier  to  the  examination  of  the  interiors  of  opaque  bodies 
under  strains,  the  method  liy  analogy  seems  the  sole  one  that  is  open  to 
us,  aided  of  course  by  what  we  can  see  on  the  surface,  and  detect  after 
fracture. 

I  have  often  thought  it  desirable  to  be  able  to  see  exactly  how  the 
strains  in  the  different  members  of  a  truss  bridge  were  working  during 
different  positions  of  the  moving  load.     The  method  of  Mr.  Nickerson 
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seems  to  otter  tluit  long-needed  means.  Further  exjjerinients  will,  prob- 
ably, enable  the  experimenters  to  decide  with  fair  accnracy  ni)on  the 
magnitude  of  an  unknown  strain  on  a  glass  column,  l\y  comparison  with 
the  observed  effects  of  a  kntnvn  strain  npon  a  similar  column.  I  would 
suggest  that  a  model  of  a  Howe  truss  bridge  be  made  with  glass 
members  and  metallic  joints,  so  constriicted  as  to  permit  the  ready 
insertion  or  removal  of  glass  columns,  acting  as  struts,  ties,  and  chord 
segments.  I  believe  that  such  a  model  can  be  made  and  so  adjusted 
that  broken  parts  can  easily  be  replaced.  If  then  the  method  with 
polarized  light  be  used,  valuable  information  about  points  now  some- 
what obscure,  could  be  obtained  so  as  to  command  universal  credence. 

The  proposed  strengthening  of  tubes  by  external  rings,  at  regular 
intervals,  is  a  very  curious  result  of  the  experiments,  and  if  confirmed 
by  practice,  wdll  be  a  valuable  discovery.  The  whole  discussion  illus- 
trates most  admirably  the  inter-dejjendence  of  all  branches  of  jihysical 
science,  and  the  absurdity  of  considering  any  discovery  useless,  no 
matter  how  far  it  is  apparently  removed  from  a  possibility  of  j^ractical 
ai^plication  in  the  useful  arts.  Hitherto  the  polarization  of  light  has 
seemed  a  curious  and  occult  phenomenon,  of  no  particular  utility,  and 
only  interesting  to  the  man  of  abstract  science,  and  here  it  suddenly 
springs  up  as  a  trustworthy  means  of  unveiling  the  secrets  of  nature, 
and  promises  as  great  a  future  of  discovery  as  the  spectroscope. 

Hon.  WiiiLiAM  J.  McAiiPiNF. — As  a  practical  question,  the  Ci\dl  En- 
gineer has  almost  never  to  deal  -with  glass  as  a  material  of  strength,  but 
it  must  be  e\'ident  to  all,  that  it  Avill  be  aftected  in  the  same  way  as  any 
other  material  of  similar  construction,  and  hence  that  the  effects  of 
strains  iipon  glass  will  be  similar  to  those  upon  cast  iron.  At  least  the 
experiments  made  with  such  ajjparent  care  would  l)e  of  great  value  in 
determing  the  law  uijon  the  subject. 

It  is  a  singular  characteristic  of  this  age  that  every  discovery  in 
science  is  made  applicable  to  the  service  of  our  profession.  Five  years 
ago  Prof.  Airey  (the  Astronomer  Royal)  gave  a  pajier  on  a  new  system  of 
calculating  the  strains  on  each  member  of  a  truss,  by  a  model  in  steel, 
which  he  had  exactly  duplicated.  When  the  model  bridge  was  loaded 
in  all  of  the  various  w^ys,  each  member  was  struck,  and  the  correspond- 
ing duplicate  was  loaded  gradually  until  the  two  were  in  accord.  The 
load  on  the  duplicate  indicated  the  strain  on  the  corresponding  member 
of  the  truss  in  position  and  under  its  load  or  strain.  There  we  had  sound 
to  determine  almost  important  engineering  question  ;  and  now  we  have 
light  in  one  of  its  forms  of  action. 
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Cten.  J.  G.  Baknabd. — I  have  been  unable  to  give  the  matters  pre- 
seuteil  by  Mr.  Niekerson  the  study  required  for  a  full  appreciation.  I 
would  remark,  however,  that  the  peculiar  circumstances  under  which  the 
experiments  for  the  neutral  Hue  or  axis  are  made,  are  really  foreign  to 
the  subject  of  the  position  of  that  axis  as  it  is  presented  to  the  engineer 
in  connection  with  the  theory  of  the  strength  and  stress  of  beams.  That 
theory  and  the  formuhe  deduced,  are,  like  nearly  all  our  mechanical 
theories  of  the  properties  of  matter,  based  on  someAvhat  rude  assump- 
tions. Moreover,  the  formula;  for  "beams  "  really  suppose  the  length  to 
be  very  great,  compared  Avith  the  depth — practically  infinite.  No  one 
supposes  that,  in  pieces  so  short  as  the  glass  specimens  experimented  upon, 
the  "strains,"  "stresses"  and  "strength"  would  be  represented  by  the 
usual  formulae  for  "beams."  That  theory  ignores aU  "strains,"  in  the 
technical  sense  of  the  term,  except  those  due  to  the  elongation  of  fibre 
on  one  side  of  the  neutral  axis,  and  its  forced  contraction  on  the  other. 
It  is  far  from  being  a  true  exposition  of  the  phenomena  which  are 
developed  by  the  bending  of  a  beam.  The  truth  is  limited  by  the  im- 
perfection of  elasticity,  and  by  any  {wnount  of  deflection  given  to  the 
beam  beyoud  a  very  limited  and  exceedingly  small  amount ;  for  tangen- 
tial (or  shearing)  strains  are  disregarded. 

The  experiments  iipon  pieces  so  short  as  those  used  by  Mr.  Niekerson 
develope  phenomena  which  scarcely  belong  to  the  theory  of  beams,  or  to 
the  position  of  the  "  neutral  axis  "  in  the  usual  acceptation  of  the  term. 
I  do  not,  in  saying  this,  depreciate  the  value  of  experiments  of  that  kind. 
They  are  directly  applicable  to  the  illustration  of  the  strains  produced  in 
columns — and  in  all  x^ieces  subject  to  similar  stresses.  I  would  remark, 
too,  that  glass,  to  the  extent  to  which  it  is  capable  of  receiving  change  of 
form  Avithout  rupture,  is  almost  perfectly  elastic.  Iron  is  far  from  being 
so,  at  least  beyond  the  narrow  limit  to  which  it  may  be  distorted  Avithout 
"  set." 

I  am  not  familiar  with  the  investigations  of  Mr.  BarloAV,  but  if  the 
stress  in  a  bent  cast-iron  beam  be  a  "  uniformly  A^arjang  "  one,  he  must 
prove,  I  think,  that  the  co-efficient  of  elasticity  is  constant  for  all  degrees 
of  extension.  That  co-efficient  for  wrought  iron  varies  in  a  table  giA'en  by 
Morin  (taken  from  Hodgkinson)  to  an  extraordinary  degi'ee;  being  for 
extreme  extensions,  only  about  ^'j  of  its  value  for  very  small  extensions; 
though  AA'ithiu  limits  of  practical  strains — say  to  about  18,000  pounds  per 
square  inch,  the  variation  is  small,  say  Vll  of  its  maximum.  For  cast-iron 
the  co-efficient  for  extension  exhibits  some  A'ariation  also,  in  practical 
limits  of  stress,  that  is,  Avithin  limits  of  safety.     For  compression,  both  of 
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ciiHfc  ii,ii(l  wi'oii^lit  iron,  tlio  co-ofllificMit  is  (wiMiiii  i»riicticiil  limits  suy  ii})  to 
15,000  I'd!'  |H,000  iMHiiids  ))cr  S(Hiiirc  \\\c\i)  more  uciirly  coiistiitit  in  hotli 
Tniitcriuls. 

■;i'^'In  tlifi  oxjxu-inicnts*  niiub^  l»y  me  on  t-lic  strain  iuul  rupture  of  Itcunis 
of  t'orf^cid  iind  cast-ii'on  (of  diincnsions  nc\cr  Ix'I'orc  cxi^'rinicntcd  u])on, 
I  V)oJiov(!),  tUo  (!o-('tli(!iont  of  olasticity  us  (IchIikhhI,  from  the  assnm])tion  of 
a  "uniform  varying  st/rrss  "  in  tlio  ci-oss  section,  and  a  centrul  neutral 
a,xis,  varies  in  onc^  of  tlu^  for^cul  spccinu^ns  from  1,482,000  to  l),r)r)S,()00 
l>onnds  per  s(j[uar(!  inch — the  .small(!r  co-isnicuent  corresponding  to  tin; 
extraordinary  e,xt(nisioii  of  fibre  of  .04(53  and  a  "tensile  strenf<th  "  of 
68,450  pounds  per  scpiai'e  inch — ((calculated  from  the  amount  of  deflec- 
tion of  the  beam) — and  this  extraordinary  extension  and  this  high  tensile 
strength  is  exhibited  in  tin;  iron  of  a  henn/  /'nrt/iinf—i.e.  in  a  forged 
beam,  15  by  12  inches  in  rectangular  section.  On  tlu;  other  hand,  a  t^ast 
iron  beam  of  tlie  same  dimensions,  ruj)tnring  nnd(sr  a  force  of  27(5  tons 
with  a  flexun;  of  ij-inch  (tlie  su])ports  being  77  incluis  apart),  <^xhiV)ited 
a  (calculated)  extension  of  fil)re  of  .005731  and  a  co-efficient  of  elasticity 
of  about  40,000,000  |)ounds  per  S(|inire  iucli;  and  iit  tlu>  lesser  flexure  of 
\  inch  (tli(!  only  other  observed),  the  co-elU<uent  was  about  the  same. 

Tlu^  variation  of  the  co-etKcient  of  (^lasti(uty  umhir  ditterent  degr(H>s  of 
extension,  seems  to  me  to  l)e  proof  positive  tliat  in  a,  beiit  beam  there 
(ranncjt  l)e  "  uniforndy  varying  stniss  " — for  whih;  the  extensicni  of  fil)re 
varies,  as  it  nmst  do,  niiarly  uniformly  fiom  tlu'  ninitral  axis  to  the 
exterior,  the  co-etlicient  of  elasticity,  the  constancy  of  Avhich  is  essential 
to  a.  corresponding  uniformly  varying  stress,  is,  in  wrought  iron,  far 
from  Ixnng  coiistiint.  'I'lic  co-(^tIici(>nts  foi-  ciist-iron  v:iry  much  hiss  than 
foi'  wrought  iron  ;ind  iiidecid,  my  experiment  just  cittMl,  with  a,  cast- 
iron  beam  Aviiile  deveIoj)ing  an  "  (!xtension  "  of  .0057;'),  M'liich  is  nearly 
four  times  as  gniai  as  the  maximum  extension  in  the  table  of  Hodgkin- 
son's  n^sults,  given  l»y  Morin;}:  .00155,  indicate*  at  that  extreme  extension 
the  Slime  (((-(iHicient  nearly,  as  for  the  less  (!xtensiou  of  .00;!.S2.  flodg- 
kirison  (as  (piotcd  by  Morin)  gives  almost  id(MiticaI  co-etficients  of  elas- 
ticity for  cast-iron  for  compi'essiou  as  for  (!xtension:  hence  it  may  be 
presunxMl  tiiiit  tlit;  siime  is  iJie  casr  in  the  cast-iron  benui  ruptured  by  me. 
'There  is,  th((refore,  in  this  im))ortant  (ixjxfriuHnit — the  largest  beam, 
I  believe,  ((V(ir  rn])tured  (experimentally     .some  conlirnKition  that,  for  cast- 

*  'rraiiHiU'lioiiM  .XIV.  . 

I  On  i)aK(i  !>  of  t)io  papoi'  rdlerred  to,  thdi'o  are  errors  in  tin-  iiriiitiri}^  ot  tlic  lisurcM  fur  tlio 
"  (ixtensioti  of  Cibrn."    Tlioy  sliould  bo  .OoaS'i  and  .l)0r)7:t. 
1;  "  UcHistuncie  drrt  MiiU-riaiix."     Morin. — IS")"). 
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iron,  Dill-low's  theory  is  ti-iic  vi/.  :  tlmt  the  stri'ss  in  tlir  cross  s<'otif)n 
is  -.1  niiifonnly  varying-  one,  and  tl)ai  tin'  ncntral  axis  "  lrav(!rs(;s  tlu! 
(•('litre  of  jjfravity. "  Y(!t  from  tliis  (ixperiincnt  we  detlucc  u  (lis(^r(!pancy 
Imtwoen  tin*  "modulus  of  rui)turc"  iind  the  "tensile  stiwnijj^tli"  of  the 
iron,  ev(Mi  f;rea,ter  llian  lor  the  case  of  the  wrought- iron  beam  in  which 
eiioiinous  variation  in  the  c(j-etri(n("nt  of  (ilasticity  is  (4eai-ly  shown.  Th(^ 
niodidus  of  rupture  for  the  12  by  15  inches  cast-iron  beams  would  be,  in 
oue  (!ase,  nearly  donbie — in  the  other  al)ont  1.5  times  th(^  "tensile 
.strenfjjth. " 

Mr.  Barlow  is  probal)ly  right  in  tlu'  opinion  fas  stated  by  Kankiii), 
■•  that  the  curvature  of  the  layers  of  the  beam  produces  a  peculiar  kind 
of  resistance  to  bending,  distinct  from  that  wliich  arises  from  direct 
elasticity."  It  is  evident  that  the  theory  of  a  horizontal  neutral  axis, 
how(iV(!r  convenient,  cannot  be  a  true  representation  of  the  phenomena 
of  tlie  resistances  develo] led  in  beiidi ng' a  bea ni. 

Lr^t  us  su])])ose  the  solid  recta nj,nilar  Ix'am  A,  B,  (J,  J),  Fif?-  7,  resting 
Fit/.  7.  ui)on  su])ports  at  extremities  to  he  bent 

A                        f  B      to  a  i/iri'//.  (Ic.lli'clioH.  l)y  a  force  /'  a])plied 

— "  \'7i'    at  th(!  middle.     Tlu;  n(;utral  axis  along 


the  middle  (according  to  tluiory)  would 
be  the  line  m  n,  and  moreover  the  entire  horizontal  secticni  m  n.  is  in  a 
rectangular  section  (or  other  symmetrical  section  al)ov(^  and  below  this 
l)lane),  reckoned  as  neutral.  But  it  is  evident  that  it  cannot  be  strictly 
so — evident  that  to  stresses  transmitted  across  it  the  three-fourth's  com- 
[mted  resistance  to  tlexture  is  due.  I'^or,  ht  the  beam  be  s])lit  along  the 
section  now,  it  will  l)ecome  two  b(3Hms,  of  whicli  i\\v.  contignons  surfac(^s 
III  'II,  will  slide  ov(U'  each  otluu',  and,  \\\i\  flexure  heing  inaintaimid  the 
same,  tin'  two   halves   will   appear  as  in  /''/'/.  K. 

Fig.   8,    and   the    force    to  ]irodiice    the      ^  '1^^  g 


flexure  will   be  but 


P 


Tl 


lere    caniK 


,4P 


-1.        ■  C 

then,  be  a  neutral  line  or  j)lau(;  uh)ng  /// 

/',  and  it  maybe  doubted  whetln^r  there  v.nw   l)e  really  ncntral  lim^s  <jr 

planes  amjii'herp.  in  a  bent  beam. 

Researches  with  a  perfectly  elasti('  material,  as  gla.ss,  and  one,  too, 
which  can  be  made  to  reveal  to  the  eye  indi<;ationsof  its  internal  strains, 
cannot  but  throw  light  n))on  one  of  the  iimsl  dinicuH  problems  in  nu;- 
(thaiiics,  viz.:  Wiv  int((ru!d  strains  of  solids  su])jected  to  the  a(^ion  o' 
external  or  internal  forces.  Tlie  gen(!ral  i)roblc!m  caii  be  .stated  matlu!- 
matically  ;  but  the    analytical   solution,    exc(!pt   for  a   few  sim])]e   cases. 
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defies  matliematicians.  That  portion  of  Mr.  Nickerson's  researches  con- 
cerning the  strains  in  hollow  columns  is  very  interesting,  and  I  am  in- 
cUned  to  regard  his  views  on  the  "periodic"  character  of  the  strain, 
and  npon  the  means  of  counteracting  it,  as  well  founded. 

Mk.  E.  a.  Fuertes. — Some  time  ago  I  noticed  a  flare  or  wing-like 
streak  of  Hglit  when  examining  the  image  of  a  star  through  my  equa- 
torial telescoi^e.  Fearful  of  some  accident  having  taken  plac;e  and  im- 
paired the  object  glass,  and  not  being  willing  to  remove  it  from  its  cell,  I 
held  in  front  of  it  a  spirit  lamp,  on  the  wick  of  which  I  had  poured  some 
common  salt.  I  at  once  observed  the  formation  of  Newton's  rings  on 
the  lenses,  but  near  the  edge  of  the  cell  holding  the  lenses,  the  rings, 
instead  of  being  concentric  were  scalloped,  or  bent  inwards  towards 
their  centre.  Remembering  experiments  made  by  Pasteur,  upon  the 
pressure  of  mercury  over  a  thin  glass  surface,  I  further  examined  the 
cell,  and  found  that  the  disturbance  of  Newton's  rings  occurred  near 
one  of  the  screws  which  held  the  cell  on  the  barrel  of  the  telescoi^e.  I 
loosened  the  screw,  and,  to  my  great  and  natural  delight,  the  interference 
suddenly  disappeared.  It  Avas  then  e\Tident  that  the  cell  had  contracted 
through  cold  since  the  time  at  which  it  was  screwed  in  the  telescope, 
and  that  the  jjressure  produced  by  this  contraction  caused  the  imperfec- 
tion of  the  image,  the  location  and  extent  of  which  Avas  revealed  by  tlie 
soda  light. 

Gen.  T.  G.  Ellis. — ScA'eral  years  ago  I  gave  much  thought  to  the 
subject  of  strains  in  beams,  and  regretted  that  those  who  had  given  their 
attention  to  experimenting,  had  pursued  their  investigations  in  so  un- 
scientific a  manner.  Mr.  Nickerson's  examinations  are  a  step  in  the 
right  direction,  although  I  do  not  see  that  he  has  developed  much  more 
than  has  heretofore  been  d(5ne  by  Wertheim  of  Paris,  who  invented  an 
instrument  for  the  determination  of  strains  and  pressures  by  the  colors 
of  polarized  light.  Prof.  Tyndall  has  also  done  the  same.  I  sincerely 
hope  that  Mr.  Nickerson  Avill  pursue  the  matter  further.  What  we  want 
to  knoAv  is  the  elastic  resistance  to  tension  and  compression  in  any  one 
sidistance,  as  glass,  and  the  effect  of  a  weight  upon  a  beam  of  the  same 
substance.  Then,  knowing  by  experiment  the  elastic  resistance  in  both 
directions  of  other  substances,  we  might  reason  Avith  some  hope  of  suc- 
cess upon  the  position  of  the  neutral  axis  of  beams  of  different  sub- 
stances. In  my  opinion  a  great  error  of  writers  on  the  strength  of  beams 
is,  in  assuming  that  equal  strains  wiU  elongate  and  compress  the  same 
substance  to  an  equal  amount,  thereby  making  the   neutral  axis  of  the 
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horizontal  strains  iu  the  middle  of  a  rectangular  beam  ;  also  iu  assuming 
that  the  elastic  resistances  are  proj^ortional  to  the  ultimate  resistances  of 
the  material. 

One  part  of  Mr.  Nickersou's  experiments  that  I  do  not  clearly  under- 
stand, is,  how  polarized  light  can  show  a  neutral  axis  in  a  glass 
beam  supported  at  the  ends  ^dth  a  weight  in  the  middle.  It  seems  to 
me  that  it  should  show  only  a  neutral  point  iu  the  middle  of  the  beam, 
under  the  weight.  There  are  diagonal  strains  in  all  parts  of  the  beam, 
except  this  central  point,  and  diagonal  strains  should  transmit  the  po- 
larized rays  as  well  as  the  horizontal  ones.  That  there  are  diagonal 
strains  in  all  jsarts  of  the  beam,  although  they  may  be  very  small  in  the 
upper  end  corners,  may  be  shown  by  supposing  the  whole  to  be  divided 
into  very  thin  horizontal  laminae.  The  flexure  of  the  beams  by  the 
weight  woidd  then  cause  all  of  these  to  slip  one  upon  the  other.  This  is 
resisted  in  the  solid  beam  b}'  the  diagonal  resistance  of  the  material. 
The  additional  element  of  strength  referred  to  in  the  paper,  is,  I  appre- 
hend, not  due  to  the  absolute  resistance  of  the  material  to  the  sHding  of 
the  laminte  upon  each  other,  or  the  ' '  hoi'izontal  shearing  strength"  as 
it  has  been  called,  but  to  the  elastic  yielding  of  the  fibres  of  the  ma- 
terial, which,  without  diminishing  their  ultimate  strength,  allows  them 
to  slip,  so  to  speak,  upon  the  next  interior  fibre,  so  that  the  latter  are 
drawn  to  a  gi-eater  tension,  or  subjected  to  a  greater  degTee  of  comjjres- 
sion  than  they  would  be  if  there  were  no  such  lateral  elasticity  between 
the  fibres.  The  outer  ones  would  be  ruptured  as  soon  as  their  limit  of 
elasticity  was  reached,  and  before  a  fuU  strain  was  brought  upon  any  of 
the  interior  fibres,  were  it  not  for  this  action. 

Gen.  J.  Cf.  Babnakd. — I  am  disposed  to  think  Barlow's  position  un- 
tenable, that  the  neutral  axis  cannot  be  in  the  centre  of  gravity,  when 
the  breaking  strain  is  in  excess  of  the  result  given  by  formula  founded 
on  that  assumption.  There  is  no  more  radical  law  of  mechanics,  than 
that  the  forces  across  any  section  must  be  in  equililiriiim.  Take  a  cross 
section  of  a  beam,  and  these  forces  cannot  be  in  equilibrium  if  the 
neutral  line  is  through  the  centre  of  gravity  when  the  breaking  force  is» 
foxind  to  exceed  that  due  to  tensile  strength  of  the  iron. 


LXXXIII. 


METHOD  PURSUED  IN  REPLACING  A  STONE  PIER  ON  A 
PILE  FOUNDATION. 

A  Paper  by  J.  Albert  Monroe,  C.  E.,  Member  of  the  Society. 
Read  Makoh  4th,  1874. 


The  stoue  piers  for  the  1  iridge  of  the  Massachusetts  Central  E.  K. ,  over 
the  Connecticut  river  at  Northamxjton,  Mass. ,  rests  upon  a  timber  foun- 
dation, consisting  of  piles  and  grillage.  The  piles  were  cut  off  2  feet 
above  the  bed  of  the  river.  The  grillage,  consisting  of  3  courses  of  12- 
inch  timber,  was  placed  in  position  over  the  piling,  and  the  masonry 
commenced,  being  lowered  as  the  work  progressed,  by  means  of  screws, 
in  the  ordinary  way,  until  the  grillage  rested  upon  the  piles.  The  gril- 
lage for  pier  No.  8  was  prepared  on  the  shore  during  the  winter  of 
1872-3,  and,  after  a  canal  was  exit  through  the  ice,  it  was  floated  into 
position  sometime  in  Janixary,  and  the  construction  of  the  masonry  at 
once  entered  iii^on.  The  work  proceeded  with  proper  dispatch  and  with 
no  drawbacks  until  2  courses  of  stone  were  laid,  2  feet  thick  each,  when 
suddenly  the  screws  let  go  their  hold  uiiou  the  grillage,  and  the  entire 
work  disappeared  in  about  18  feet  of  water. 

The  false  works   and  various  obstructions  in  the  river  caused  the 
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formation  of  Avliirls  iind  c-ounter-cuiTeuts.  A  careful  study  of  tlie  cause 
of  this  ruisliap  led  to  the  belief  that  the  ice  which  had  been  cut  out  for 
the  canal  and  at  the  site  of  the  pier,  and  which,  as  the  easiest  way  of 
getting  rid  of  it,  was  shoved  under  the  stationary  ice,  had  been  taken  up 
by  these  whirls  and  tlirown  against  the  grillage  with  sufficient  force  to 
bniise  and  weaken  the  horns  to  which  the  screws  were  attached,  which 
I'onclusion  Avas  confirmed  by  the  subsequent  examinations  of  a  divei'. 
Ojjerations  on  this  pier  were  then  suspended  until  the  season  of  low 
water,  in  the  summer  of  1873. 

A  careful  examination  showed  that  the  masonry  had  not  changed  its 
position  on  the  grillage,  nor  had  it  sustained  any  injury.  The  grillage 
rested  upon  tlie  puling  very  nearly  in  its  proper  position,  up  and  down 
stream,  but  in  its  descent  it  had  moved  easterly,  so  that  its  upper  end 
was  about  13  inches  oxit  of  place,  and  its  lower  end  about  14  inches. 
The  question  then  arose,  between  the  contractor,  Mr.  Smith  of  Spring- 
field, and  the  company's  engineer,  Mr.  Frost  of  Boston,  as  to  whether 
to  proceed  with  the  work  and  finish  the  pier  in  that  position,  or 
to  move  it  to  the  j^osition  in  which  it  was  first  intended  to  place  it.  It 
was  finally  decided  to  leave  the  matter  to  referees,  of  whom  the  wi-iter 
was  one.  The  referees  met,  and  it  was  determined  to  let  it  remain  where 
it  was,  if,  after  thorough  investigation,  it  Avas  found  that  the  grillage 
rested  upon  a  sufficient  number  of  piles  to  support  the  structure — jiro- 
A-iding  the  piles  were  properly  distribiited. 

A  diver  was  procured  and  a  complete  surA'ey  made,  Avhich  resulted  in 
the  referees  ordering  the  gi'iUage  and  masonry  to  be  moA-ed  into  the 
position  first  intended  for  it.  This  decision  haAdng  been  arrived  at,  it 
became  a  question  Avhether  it  Avould  be  more  expedient  to  take  uj?  the 
entire  Avork  and  commence  aneAV,  or  to  endeaA'or  to  moA'e  it  bodily  into 
position.  The  latter  course  Avas  determined  upon,  after  discussing 
A'arious  methods  for  accomphshing  the  object. 

A  plan  Avas  adopted,  the  details  of  Avhich  Avere  worked  out  by  Mr. 
Smith,  and,  on  September  10th,  the  mass  was  moved  successfully  into 
place  in  7  hours.  The  pier  is  12  feet  6  inches  wide,  and  42  feet  7  inches 
long  on  the  bottom,  and  Avhen  moved  was  4  feet  high,  resting  on  a  grill- 
age 3  feet  thick,  making  a  total  height  of  7  feet,  against  which  was  quite 
a  strong  current,  striking  it  obliqiiely  at  an  angle  of  about  35^. 

The  method  employed  was  substantially  as  follows  ;  a  framework  of 
piles,  lieaA-ily  capped,  one  side  of  Avhich  Avas  3  inches  higher  thaii  the 
other,  to   facilitate   the  movement   of  the   rollers.  Avas  first  constructed 


60 

around  the  pier.  Across  this,  and  over  the  pier,  were  placed  timliers,  iu 
pairs,  equal  iu  number  to  the  number  of  screws  employed.  Above  each 
of  these  pairs  was  a  single  stick  of  timber,  from  which  the  screws  for 
lifting  the  pier  depended,  the  screAvs  passing  down  between  the  two  tim- 
bers first  mentioned.  Between  the  sticks  of  timber  in  pairs  and  the 
single  stick  was  a  set  of  roller's,  and  between  the  rollers  and  the  timber 
Avere  iron  plates.  Other  timbers,  to  which  was  fastened  railroad  irou  to 
strengthen  them,  and  at  the  same  time  to  counterbalance  the  buoyancy 
of  the  water  (which  it  was  necessary  to  do  in  order  to  facilitate  the 
handling  of  them  under  water),  were  placed  by  a  diver  under  the  grill- 
age, and  between  the  rows  of  j)iling.  The  screws  were  attached  to  these 
timbers  by  means  of  yokes.  When  the  preparations  were  completed,  the 
screws  were  turned  until  the  grillage  cleared  the  piling,  Avhen,  by  means 
of  the  ordinary  iron  clamps  used  in  the  construction  of  bridges  and 
similar  work,  the  pier  was  moved  into  j^lace. 

The  principal  feature  of  this  oi^eration  is,  that  it  was  accomplished 
without  the  aid  of  any  tools  or  material  other  than  such  as  were  at  hand 
and  on  the  work,  excepting  the  diving  apparatus  Avhich  was  necessary  in 
order  to  get  the  timber  under  the  grillage.  The  framework  and  screws 
were  the  same  as  employed  iu  lowering  the  masonry-  of  all  the  piers  ;  the 
timber  used  under  the  grillage,  and  that  used  in  connection  with  the 
rollers  was  procured  for  the  floor-bfams  of  the  bridge. 


ixxxn. 

EUROPEAN   KAILWAY8— AS  THEY  APPEAE    TO    AN  AMERirAN 

ENGINEER. 

A  Paper  bj  W.  Howard  White,  C.  E.,  Member  of  the  Society. 

Eead  May  20th,  1874. 


A  railway  built  upon  the  American  idea  of  first  getting  the  line  built 
on  a  cheap  system,  and  then  bringing  it  up  to  first-class  rank  as  the 
receipts  permit,  is  a  thing  almost  unknown  in  Europe.  In  but  one 
case,  the  writer  noticed  a  road  being  built  upon  the  economical  plan, 
with  wooden  bridges. 

One  thing  that  strikes  an  American  curiously  is  the  immense  amount 
of  trouble  taken  by  engineers  in  laying  out  work  for  contractors.  The 
immense  number  of  all  sorts  of  signals,  gi-ade  posts  and  profiles,  the 
latter  not  only  for  banks  and  cuts,  but  even  for  borrow-pits,  would 
render  nearly  double  the  number  of  engineers  necessary  -nith  which  an 
American  road  is  built. 

In  making  banks,  it  is  the  jjractice  to  remove  the  surface  of  the 
ground,  in  case  it  is  either  of  bad  material,  or  where  it  furnishes  sod 
for  covering  slopes,  which  are  almost  always  either  sodded  or  carefuUy 
planted  with  gTass  seed,  producing  undoubtedly  a  great  saving  in  the 
after  expense  of  cleaning  ditches  in  cuts.  Upon  one  road  in  the  Tvrol, 
a  curiously  favoralile  combination  of  circumstances  was  seen  in  a  low 
bank  across  a  meadow,  formed  from  side  borrows.  The  sod  from  the 
base  of  the  bank  was  just  sufficient  to  sod  the  slopes,  and  at  the  bottom 
of  the  side  borrows  was  found  a  nice  layer  of  clean  gravel  for  ballast. 

Tunneling  has  been  carried  to  a  point  in  parts  of  Germany — notably 
in  the  Brenner  Pass  in  Tyrol,  and  on  a  new  road  in  the  Black  Forest^ — 
the  equal  of  which  would  be  hard,  if  not  impossible,  to  find  in  other 
countries.  In  one  place  on  the  latter  line,  the  engineer  having  run  his 
grade  into  the  bottom  of  the  valley  he  was  climbing,   boldly  turned 
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somewhat  more  than  a  qi;arter  circle  directly  into  the  hill — instead  of 
crossing  the  valley — and  came  out  again  on  the  same  side  of  the 
valley,  above  his  previous  line.  At  another  place  he  made  a  curve  of 
somewhat  more  than  90^  underground,  and  then  reversed  for  30°  before 
coming  out  again  into  daylight.  The  plan  of  this  Black  Forest  line 
is  a  curiosity  of  itself.  It  presents  two  comj)lete  S's,  in  the  necessity 
the  engineer  was  nnder  to  get  the  distance  for  a  certain  grade,  and  there 
are  25  tunnels  in  a  distance  of  less  than  17  miles,  ranging  from  mere 
bridge  arches  in  point  of  length,  up  to  the  summit  tunnel,  which  is  over 
a  mile  long. 

Tunnels  are  made  in  many  cases,  where,  with  us,  they  would  be  de- 
cided extravagances  ;  but  the  circumstances  are  so  different — what  with 
the  greater  cost  of  the  land,  and  the  less  cost  of  labor — that  it  is  im- 
possible as  a  mere  looker-on  to  judge  them.  European  roads  use  a 
greater  depth  of  ballast  than  is  common  with  us,  though  perhaps  no  more, 
except  in  rare  cases,  than  is  usual  on  our  first-class  roads,  18  inches  being' 
about  the  average.  The  profile  of  the  ballast  is  generally  level  or  nearly 
so  for  the  whole  width  of  the  road-bed,  the  entire  reliance  for  drainage 
being  upon  the  porosity  of  the  matei'ial  used.  German  roads,  including 
those  of  Austria  (of  which  the  practice  is  in  the  main  the  same),  ballast 
up  to  the  top  of  the  tie  ;  the  English,  half-way  up  the  web  of  the  rail, 
leaving  at  every  third  or  fourtii  tie  a  cross-gutter  between  the  ties  ;  while 
the  French  ballast  np  to  the  bottom  of  the  toj)  rail-table,  rounding  tiie 
ballast  on  the  inside  of  the  track,  however,  so  as  to  carry  it  down  to  the 
bottom  of  the  splices  at  the  rails,  while  remaining  of  the  full  height  at 
the  centre.  The  latter  practice  deadens  the  noise  considerably,  but  is  of 
course  very  inconvenient  for  "  sixrfacing"  track. 

One  is  struck  even  in  Germany,  where  railways  are  built  in  a  more 
economical  manner  than  in  France  or  England,  with  the  extravagance, 
as  it  seems  to  us,  in  certain  ways,  such  as  the  use  of  skew  biidges,  for 
instance.  In  a  short  length  of  road,  over  an  insignificant  stream,  one 
will  see  two  or  three  skew  bridges,  where  tlie  stream  could  easily  have 
been  turned,  to  the  avoidance  of  tlie  extra  expense.  Another  favorite 
and  useless  feature  are  the  double-deck  stone  bridges  to  be  seen  in 
various  parts  of  Europe,  notably  on  the  road  over  the  Lemmering  Pass, 
not  far  from  Vienna.  The  engineers  of  these  bridges  seem  to  have  been 
afraid  of  having  the  piers  shaken  down  by  the  motion  of  the  train,  and 
have  consequently  built  their  bridges  in  two  tiers  of  arches,  the  lower 
tier  serving  the  imaginary  object  of  preventing  a  flexure  of  the  piers  in 
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the  axis  of  the  bridge,  and  having  the  disadvantage  of  detracting  very 
much  from  hghtness  and  grace. 

The  favorite  iron  bridge  in  Europe,  even  at  the  present  day,  is  the 
lattice  truss,  A^dth  larger  or  smaller  lozenges  between  the  pieces. 
Wrought-iron  is  used  almost  exclusively — except  for  arched  bridges — 
both  top  and  bottom  chords  being  built  up  of  thicknesses  of  plate,  with 
a  double  web  at  the  bottom  and  top  of  the  uj)j)er  and  lower  chords  re- 
spectively, between  the  plates  of  which  the  ends  of  the  lattice  are  in- 
serted, and  thus  secured  by  riveting  to  the  chords. 

The  rail  sections  used  on  the  continent  are  similar  in  the  main  to  our 
own,  but  much  lieaAier  as  a  rule,  and  also  higher  in  proportion  to  the 
width  of  the  bottom  flange,  the  modern  German  standard  rail  section 
weighing  from  75  to  85  pounds  per  yard,  and  being  from  4:4  to  5^  inches 
in  height,  -with  a  liase  of  about  4  inches,  which  weights  and  proportions 
are  also  about  those  of  the  most  approved  French  practice.  English 
rails  are  of  aboiit  the  same  weight  or  a  little  heavier,  but  they  are  almost 
universally  of  the  double-headed  pattern.  France  has  still  a  number  of 
lines  laid  A\-ith  double-headed  rails,  but  the  practice  inclines  to  the  other. 
The  ties  ujion  the  continent  are  about  3  feet  apart.  Our  practice  of 
placing  the  ties  nearer  together  equalizes  somewhat  the  Lighter  weight  of 
our  rails. 

European  rails  are  generally  symmetrical,  the  inclination  for  the 
coning  of  the  wheel  being  given  upon  the  tie  ;  but  in  two  cases  of  roads 
in  Germany  where  new  rails  were  being  laid,  the  wi'iter  observed  rails 
going  down  with  the  inclination  in  the  head  itself,  which  is,  perhaps,  an 
indication  of  the  modern  tendency.  The  more  ordinary  position  on  the 
continent  for  the  notch  to  receive  the  spike  holding  the  rail  in  position 
longitudinally  is  the  middle  of  the  rail,  but  since  it  has  been  so 
thoroughly  proved  that  these  notches  diminish  the  strength  of  the  rail 
to  a  great  degree,  it  is  hardly  probable  that  this  practice  wiU  continue  in 
spite  of  its  convenience  as  compared  Avith  notches  at  the  ends. 

The  spHt  switch  so  commonly  used  ujjon  our  western  roads  is  almost 
the  only  one  used  in  Europe.  The  SAvitch  lever  has  no  locking  ap- 
paratus, but  is  kept  in  j^lace  by  a  counterweight  upon  a  short  movable 
arm  nearly  at  right  angles  to  the  lever.  The  SAvinging  of  this  arm  a 
half  circle  around  the  lever  brings  the  weight  into  place  to  hold  the 
switch  in  one  or  the  other  position.  This  arrangement  has  the  ad- 
vantage of  flexibiHty,  so  that  the  "running  through"  of  a  switch  by  a 
careless  engine-driver  does  not  throw  any  severe  strain  uijon  the  ap- 
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paratus.  It  ■woiild  perliaps  be  hardly  safe  to  apjily  it,  exce^Dt  wliere,  as 
almost  universally  in  Europe,  the  switchman  is  constantly  on  hand  to 
see  that  everything  is  right. 

The  gauges  throughout  Europe  are,  with  few  exceptions,  4  feet  8V 
inches.  The  most  notable  are  of  Spain  and  Eussia,  the  former  being 
5  feet  8-\  inches,  and  the  hitter,  5  feet. 

In  Germany,  the  first  item  in  the  way  of  signals  that  strikes  an  Am- 
erican is  the  electric  bell  system  used  for  communicating  information  or 
instructions  of  simple  character  to  the  watchmen  who  are  stationed  at 
more  or  less  regular  intervals — generally  at  level  crossings — along  the  line. 
Each  Avatchman's  station  is  provided  with  a  gong  of  large  size,  mounted 
upon  a  little  building — or  rather,  upright  box,  containing  the  mechanism. 
The  gongs,  by  the  way,  are  generally  doubls,  and  the  notes  are  made 
harmonic,  being  said  to  be  more  effective  for  hearing  than  single  bells. 
Upon  all  of  these  bells  between  any  two  stations,  signals  are  made  sim- 
ultaneously by  means  of  hammers  striking  the  bells,  operated  from 
either  terminal  station.  The  signals  given  are  few  in  number,  the  chief 
ones  being  the  departure  of  a  train  from  one  or  the  other  station,  sig- 
naled by  a  different  number  of  strokes.  The  effect  of  the  striking  of 
these  bells  is  sometimes  very  pretty,  particularly  when  heard  from  a 
high  point,  Avhere  those  at  several  stations  can  be  heard  striking  at  the 
same  time,  the  strokes  coming  to  the  ear,  however,  at  different  instants 

Many  roads  upon  the  continent  now  use  an  electric  switch  signal  at 
either  end  of  a  station  ground.  This  signal  stands  normally  at  danger. 
When,  however,  a  train  is  expected  and  everything  is  clear,  the  switch- 
man sets  the  signal  at  ' '  all  right, "  whereupon  an  electric  bell  is  set  in  mo- 
tion at  the  station,  which  rings  until  the  train  has  passed,  and  the 
watchman  has  released  the  signal,  which  goes  back  to  "  danger."  It  will 
be  noticed  what  a  safe  signal  this  is.  Since  it  stands  ordinarily  at '  'danger"' 
no  train  can  enter  the  ground  until  the  signal  is  set.  If  either  the  signal 
is  not  set,  or  the  apparatus  has  fallen  out  of  order,  the  station-master, 
not  hearing  the  bell  in  action  when  the  train  is  expected,  investigates 
the  matter.  If,  on  the  contrary,  the  signal  does  not  go  to  "danger"  after 
the  train  has  passed,  or  if  the  apparatus  gets  out  of  order,  so  that  the 
beU  continues  to  soimd,  the  station-master  is  equally  warned.  This  ap- 
paratus is  used  upon  a  fe^w  roads  Avith  us,  the  Eastern  R.  R.  of  Massa- 
chusetts for  one  since  the  unfortunate  collision  at  Eevere,  some  years 
ago. 

A  httle  convenience  for  su})erinten(liug  engineers,  road-masters,  and 
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others  interested  in  knowing  the  rate  of  grade  at  different  points  of  the 
line  is  to  be  found  in  the  grade  posts  set  throughout  Europe,  at  the 
points  of  change,  consisting  simply  of  a  post,  rising  any  convenient 
height  above  ground  (most  commonly  only  a  foot  or  two),  with  two 
pieces  of  board  fastened  to  it  like  the  arms  of  a  sign-post,  which  are, 
however,  inclined  to  show  the  direction  of  the  respective  grades,  and 
are  marked  with  the  rates  of  gi-ade,  and  generally  with  the  lengths  of 
the  respective  inclines  or  levels. 

Signals  and  crossing-gates,  the  latter  generally  being  simply  V)ars 
like  old  fashioned  well  sweeps,  held  open  by  a  counterpoise  on  the  short 
end,  are  operated  at  long  distances,  in  some  cases  (at  different  ends  of  a 
tunnel  for  instance)  as  great  as  a  mile  or  more,  by  wires  running  upon 
little  roUers  at  regular  intervals  ;  a  system  \\-hicli  I  believe  is  only  to  be 
seen  upon  our  side  of  the  water,  upon  Canadian  roads,  uidess  in  some 
exceptional  cases. 

Traversing  and  turn-tables  for  transferring  freight  cars  from  one 
track  to  another  are  ^ery  much  used  ;  every  station  being  provided  with 
at  least  one  transverse  line  of  rails  for  connecting  the  various  tracks. 
The  transverse  track  on  the  same  level  with  the  main  lines,  and  ha^dng 
turn-tables  at  its  intersections  with  them,  is  the  most  popular,  and  is  a 
decided  convenience  where  a  large  staff  of  employes  is  on  hand  to  move 
cars,  but  the  much  greater  lengih  of  our  cars,  and  the  consequent  in- 
crease in  the  expense  of  such  api^aratus  will  probably  prevent  its  being 
adopted  extensively  in  the  United  States. 

There  is  one  use  of  traversing  tables,  however,  which  has  not  fallen 
under  the  writer's  observation  in  the  United  States,  and  which  seems  a 
very  useful  one  in  cases  where  economy  of  space  in  engine-houses  is  a  con- 
sideration ;  that  is,  what  is  called  the  rectangular  system.  As  practiced 
in  France,  where  chiefly  used,  it  consists  in  arranging  the  engine  stalls 
ui^on  parallel  tracks  in  a  building  divided  in  the  centre  by  a  pit,  with  a 
transverse  system  of  rails,  cariying  a  transfer-table.  Each  of  the  par- 
allel tracks  gives  two  stalls,  lying  upon  either  side  of  the  transfer  pit, 
whose  table,  generally  provided  with  a  small  steam-engine,  gives  the 
means  of  moving  an  engine  from  the  entrance  track  to  any  staU,  and 
vice  versa.  Under  the  system  as  practiced  abroad,  the  int  is  covered, 
which  involves  a  great  expense  of  roof  over  waste  space — the  chief  de- 
fect of  the  system.  If  snow  should  not  prove  too  great  an  obstacle, 
there  would  not  seem  to  be  much  reason  otherwise  why  the  pit  should 
not  be  left  open,  dividing  the  house  into  two  separate  ones.     The  system 
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offers  considerable  advantages  over  lunettes  or  round-houses  for  repair 
engine-houses,  in  the  greater  facility  it  affords  for  setting  up  shafting  or 
traveling  cranes. 

The  lightness  of  the  running  gear  of  Eurojjean  rolhng-stock  strikes 
the  American  observer.  Freight  cars  weighing  but  10,000  pounds, 
carry  20,000  or  even  as  much  as  30,000  pounds  ;  and  although  the 
proportion  is  generally  far  from  being  so  favorable  in  the  passenger 
stock,  it  is  on  an  average,  perhaps,  even  more  favorable  in  comparison 
with  our  own.  Some  of  the  double-deck  cars,  which  are  quite  com- 
mon upon  French  roads,  exhibit  a  most  extraordinarily  small  proportion 
of  dead  weight.  One  on  exhibition  at  Vienna,  -ftith  a  capacity  of  90 
persons,  weighed  only  11.75  tons.  It  would  seem  these  cars  might  be 
made  even  lighter,  were  it  not  for  the  side  buffing  system,  which 
throws  heavy  diagonal  strains  upon  the  floor  frames.  The  secret 
of  the  thing  must  lie  in  the  superior  average  character  of  European  . 
permanent  way,  and  it  is  an  interesting  question,  if,  upon  the 
gTeat  roads  with  us  whose  r<);id-bed  and  tracks  are  nearly  or  quite  as 
good  as  those  of  Europe,  it  is  not  possible  to  make  some  radical  re- 
forms in  that  matter,  at  least  in  passenger  stock,  which  is  not  hable  to 
wander  upon  badly  kept  roads. 

The  wheel-coning  in  Europe  is  generally  2^,,. the  tendency  being 
rather  towards  increase  than  diminution,  some  roads  having  made  it  as 
high  as  ^-,i,  and  rV  having  been  found  to  give  good  results.  The  Vienna 
&  Salzburg  line  tried  the  exijerimeut  of  doing  it  av/ay  altogether,  but  it 
is  conceded  that  the  results  are  bad. 

Brakes  in  Europe  are  seldom  applied  to  more  than  a  limited  number 
of  vehicles  in  a  train.  The  Frencli  "Direction  of  Eoads  and  Bridges" 
has  declared  the  "VVestinghouse  brake  too  complicated  in  its  connection 
between  cars  to  render  its  adoption  probable  upon  French  roads  ;  a 
dictum  rather  astonishing  to  any  one  Avho  knows  how  infinitely  more 
simple  the  connection  is  than  the  ordinary  European  car-coupling,  which 
involves  the  giving  of  at  least  half  a  dozen  turns  to  a  sort  of  vice-handle 
which  has  to  be  released  and  seized  again  at  each  turn. 
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Peelimtnaky.  — The  .stability  of  a  retaining  wall  is  expressed  simply  by 
the  equality  of  two  moments ;  the  weight  of  the  wall  multiplied  by  its 
lever  arm,  and  the  thrust  of  a  certain  triangular  prism  of  earth  (or 
material  behind  the  wall)  multiplied  by  it.s  lever  arm  ;  the  iJoint  of  rota- 
tion or  fulcrum  being  the  intersection  of  the  line  of  pressure  or  ' '  result- 
ant thrust,"  and  the  line  of  rupture  of  the  wall.  For  exact  equilibrium, 
these  two.  moments  are  of  course  equal.  In  practice,  however,  a  factor  of 
safety  should  be  used,  for  similar  reasons  as  it  is  used  for  iron  in  bridges 
and  other  striictures.  Many  tables  and  formulas,  however,  are  presented 
for  use,  where  no  factor  of  safety  is  introduced. 

For  some  time  I  have  collected  instances  of  light  walls  which  continue 
to  stand  well,  and  yet  are  as  light,  and  in  a  few  instances  lighter,  than 
generally  accei)ted  theory  requires.  The  reason  for  this  I  will  i^roceed 
to  set  forth,  and  illustrate  it  by  the  model  ^jresented.  It  may  be 
well,  before  doing  so,  to  admit  that  often  there  are  cases  of  walls,  far 
stronger  than  theory  calls  for,  wliicli  have  bailed,  or  started  to  give  way. 
I  think  the  explanation  is  simple  ;  tlie  failure,  from  an  improper  judg- 
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ment  connected  with  tlie  constriM^tion,  is  due  to  imperfect  backing  and 
similar  causes,  to  provide  against  Avliich,  an  extravagantly  large  factor  of 
safety  was  employed. 

In  carrying  up  the  backing,  and  providing  for  proper  drainage 
(through  "weepers"'  in  tlie  structure,  or  otherwise),  lies  the  greatest 
opportunity  of  iiracticiug  economy  in  the  construction  of  retaining  walls. 
If  greater  care  were  taken  in  this  respect,  the  engineer  would  find  more 
need  than  he  now  does  for  formulas  in  the  design  of  walls  ;  safe,  and  at 
the  same  time  small  factors  of  safety  might  then  be  emj)loyed. 

The  following  example  was  furnished  by  a  well-known  member  of  the 
Society.  The  wall,  of  which  Fig.  1  is  a  section,  was  built  to  support  a 
wharf  for  receiving  pig  iron.  It  was  started  on  a  level  bottom,  at  the 
foot  of  a  slope  of  rock  (the  surface  of  which  was  quite  smooth),  laid  dry, 
and  backed  as  the  work  proceeded.  When  the  wall  was  7  feet  high,  a 
load  of  iron  dropped  on  the  backing,  caused  it  to  bulge  out.  Evidently 
the  prism  of  earth  pushed  Avith  the  force  of  a  wedge,  moving  with  little 
friction  along  the  face  of  the  rock.  The  wall  was  partly  taken  down,  and 
at  a  smaU  expense,  the  rock  was  stepi^ed,  and  the  earth  carefully  rammed, 
as  was  first  suggested  hj  the  engineer.  When  this  was  done,  the 
wall  was  completed,  and  therefore  considerably  lightened  in  proportion 
to  its  height,  yet  it  stands  a  load  of  55  tons  of  iron  to  the  running  foot  on 
top  of  the  backing.  Some  of  this  great  weight  undoubtedly  does  not 
rest  on  the  prism  of  earth  which  presses  against  the  wall,  but  now  the 
wall  has  a  thickness  of  only  0.26  of  its  height,  while  at  first  it  gave  way 
with  a  relative  thickness  of  0.66.  This  shows  the  great  importance  of 
careful  construction,  Avithout  which  theory  will  avail  but  little. 

Befoi'e  the  equation  of  moments  can  be  calculated,  the  conditions  of 
the  problem  must  be  determined.  It  often  happens  that  data  is  as- 
sumed, and  generally  accepted  without  question  ;  in  such  instances, 
theory,  however  carefully  worked  out,  will  fail  to  agree  with  the  facts  in 
practice.  Now,  although  most  of  the  conditions  of  this  problem  are  es- 
tablished, the  writer  noticed,  in  the  case  of  a  wall  whose  end  was  exposed, 
that,  on  falling,  the  entire  wall  did  not  overturn,  but  sheared  off  at  an 
angle  of  about  45  ,  starting  at  the  foot.  The  exijeriments  tried  in  con- 
seipience,  subsequently,  showed  this  was  not  accident.  One  condition  is 
tliereby  changed,  namely,  /he  ^'  prism  of  prexsiire'''  mnsi  rise  from  a  point 
(ibove  Hie  foot  of  the  wall.  Hence,  in  the  formulas  to  be  deduced,  the 
•veight  of  the  prism  of  earth  will  be  less,  and  other  conditions  remaining 
tha.-^ame  for  equilibrium,  the  weight  of  the  wall  must  be  lessened;  that  is. 
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:i  ligliter  wall  will  suffice  for  cxiict  equilibrium,  and  there  follows,  at  least 
in  jjart,  a  reason  why  walls,  apparently  too  weak,  have  stood  well. 

Height  of  Pkism  of  Pkessuke. — It  has  heen  generally  assumed  that 
walls  turned  over  as  a  solid  body,  rupturing  along  the  bed,  A  1),  Fig.  1 . 
This  has  been  shown  not  to  be  the  case,  but  that  the  wall  breaks  along 
a  line,  .1  -9.       The  height  of  the  prism  of  gTeatest  pressure  then  becomes 


( '  S.  The  angle  at  which  the  masonry 
mixtures  appears  to  be  about  45^,  the 
the  angle  of  repose  of  broken  stone  ; 
but  to  err  on  the  safe  side,  in  the 
absence  of  perfect  data,  let  the  angle 
of  repose  of  the  backing  material  be 
taken,  then  the  line  S  C  will  be  0. 75. 
the  height   of  the  wall.      The   other 


conditions   are    unchanged,    and,    by  ^^ 


Fig.  1. 


taking  the  moments  about  .4,  a  formula  is  easily  deduced  which  will  give 
the  recjuired  thickness  of  any  wall.  For  unsurcharged  walls  it  is  as  fol- 
lows : 


/ 
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2  /         V         1  w 

in  which  t  is  the  thickness  at  top,  li,  the  height  of  wall,  n  the  batter 

of  outside,  and  n  i  that  of  inside,  in  decimals  of  a  foot  per  foot  rise  ;  oc  the 

angle  of  repose  of  the  earth  with  the  vertical  =  90°  —  angle  of  repose 

(p,  VI  the  Aveight  of  a  cubic  foot  of  masonry,  and  w  i  of  earth,  and  ^j  the 

Aveight  per  square  foot  of  surface  which  may  be  on  top  of  the  earth. 

If  the  wall  is  rectangular  in  section,  n  and  n  i  =  0,  and 

8        \"2  ^ 

•^ P    )    7-  "'1   ian.    ^  |B| 

If  there  is  no  load,   as  of  a  building   or   train,   the   formula  becomes 
simply 
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Had  it  been  assumed  that  the  i^rism  started  from  the  foot  of  the  wall,  or 
the  wall  turned  bodily  over,  the  formula  w^ould  have  been  : 


/■  =  ..57/'// 
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which  will  be  recognized  as  the  usual  formula.     The  diflference  is  but 
al)out  8  per  cent. ,  but  this  is  no  small  quantity  in  a  long  wall. 

I  had  a  box  made,   1(5  inches   high,   24  inches  long,  and  Ki  inches 
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wide,  with  glass  sides  ;  also  a  number  of  liloeks  of  pine,  .representing 
bricks,  1  inch  square,  2  and  3  inches  long.  In  eight  experiments  with 
walls,  3  and  4  bricks  thick,  stuck  together  with  water  to  j^revent  sliding 
on  the  joints,  and  fastened  by  pin  points  to  jirevent  sliding  on  the  base 
(in  consequence  of  the  smooth  surface  of  the  pine),  the  walls  turned  over 
as  in  Fig.  2,  usually  breaking  at  an  angle  of  45-.  The  backing  material 
first  used  was  oats,  the  angle  of  rej^ose  being  30  '  Avith  the  horizon,  the 
specific  gravity  very  nearly  that  of  the  jjine  bricks,  while  the  cohesion 
due  to  the  length  of  grain  resembled  that  of  many  earths.  Any  ten- 
dency to  overturn  was  carefully  noted  with  a  square,  by  a  scale  drawn  at 
the  foot  of  the  wall  on  the  bottom  of  the  box.  A  slight  play  was  al- 
lowed between  the  sides  of  the  glass  and  the  ends  of  the  wall. 

Continued  stability  was  indicated  by  the  absence  of  any  reaction  when 
an  irregularity  in  the  face  of  the  wall  due  to  building  up  was  corrected 
by  piishing  it  hack  \\-ith  the  square.  When  the  wall  began  to  give,  it 
bulged,  and  woiild  not,  when  pushed  back,  remain  so.  The  centre  of  the 
curve  appeared  to  be  the  middle  of  the  height.  Owing  to  the  cohesion 
of  the  oats  the  walls  gave  way  gradually,  and  when  leaning  over  would 
continue  in  that  position  tiU  started  forward  by  a  jar.  This  tendency, 
Avhich  for  simplicity  and  want  of  experimental  data,  is  omitted  in  theory, 
IS  with  fresh  earth  insignificant,  but  in  walls  of  long  standing,  where  the 
earth  has  become  weU  consolidated,  undoubtedly  adds  to  their  stability. 
In  practice  the  fact  is  often  noticed,  that  a  wall,  havring  started  forward, 
remains  in  an  apparently  threatening  position  for  years.  A\^ien  a  solid 
wall  was  substituted  for  the  one  of  blocks,  Avith  a  joint,  stepped,  as  the 
brick  had  separated,  along  A  S,  this  feature  increased,  although  both 
styles  of  wall  began  to  fail  at  the  same  stage,  which  perhaps  goes  to  show 
what  is  held  to  he  the  ease  by  many,  that  a  brick  wall  of  stability  equal 
to  one  of  masonry,  is  not  as  strong. 

Finding  the  friction  along  the  sides  insignificant,  the  box  was  re- 
duced in  the  width  to  12^  inches  ;  the  extra  quarter  inch  allowed  the 
wall,  which  Avas  12  inches  long,  to  turn  A\ithout  binding,  and  the  extra 
length  of  backing  tended  to  counteract  any  little  friction  of  the  same  on 
the  glass  sides.  To  make  the  eftect  of  an  increasing  height  of  wall  more 
sensible,  a  ratio  of  earth  to  wall  of  two  to  one  was  adopted,  by  using 
peas,  the  angle  of  repose  being  28-.  These  were  so  fluid  that,  after 
equilibrium  was  reached,  the  walls  gave  Avay  instantly  with  a  complete 
overthrow,  breaking,  however,  as  before,  at  an  angle,  though  the  rapidity 
of  the  fall  i^revented  one  at  first  from  noticing  the  fact,  as  the  impetus 
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tiiially  acquirc^iT  by  the  heavier  and  more  fliiid  material  pushed  the  re- 
maining triangular  portion  of  the  waE  forward  on  its  bed  joints.  After 
carefnlly  watching  several  trials,  tlie  riiptnre,  however,  became  clearly 
visible,  and,  bydowelling  the  bed  joints  with  common  pins,  the  triangle 
of  wall  remained  undisturbed,  in  sj)ite  of  the  rush  of  peas  over  it.  If 
the  wall  had  had  a  tendency  to  turn  in  one  solid  body  from  the  base, 
this  dowelliug  would  have  favored  such  a  result  by  holding  the  beds 
together.* 

This  shearing   of  the    wall   appears   most  reasonable.      Certainly  if 
Fig.  2.  A  D  S  (Fig.    2)    were   of  earth,    instead   of 

masonry,  it  would  remain  at  rest  if  there  was 
no  wall  there.     Now  replace  it  by  the  latter, 
and   suppose  the   wall   to  give  way.      Even 
should  the    triangle   ADS  begin   to   raise, 
then  the  earth   behind  it  has  no   tendency 
to  move  forward.       Therefore  the  plane  of 
rupture  will  start  from   the  point   *S'  in  the 
direction  of  T,  and  as  it  is  the  starting  prism 
alone  T\diich  we  have  to  account  for  as  caus- 
ing rupture,  S  T  f  will  produce  the  pressure 
which  the  wall  must  be  able  to  resist. 
The  walls  Vmilt  of   these  brick  blocks,   and  afterwards  made  solid, 
except  at  the  l^reaking  joint,   were  tried  many  times,  to  be  sure  that 
the  weight  at  which  they  gave  way  was  correct.     The  reaction  proved 
most  sensitive,  so  that  the  smallest  possible  increase  in  weight  could  be 


HEIIiHT  OF 

Thickness. 

noted.      This,  m  the  experiments, 
was  done  by  adding  thin  pieces  of 

Walls. 

By    EitPEBi- 

D. 

the  width  and  leugth  of  the  wall, 

MENT. 

■ 

and  one  inch  high,  by  the  miniature 

5 

2^ 

•2.28 

2.46 

scale.     Finally  the  walls  were  jjro- 

7 

3 

'       3.1.5 

3.44 

portioned  l»y  Formula  C,  and  the 

10 

4 

4.40 

4.90 

following  examples  will  show  how 

12t 

5 

5.51 

6.00 

nearly    they  agreed.       When   the 

*  Since  writing  this  Paper,  the  writer  found,  in  the  Transactions  Fig.  3. 

Royal  Engineers,  1845,  an  account  of  some  experiments,  tried  with 
actual  brick  walls,  for  a  special  purpose.  Some  of  these  were  carried 
to  a  height  of  20  feet.  A  careful  section  after  rupture  was  given, 
but  no  conclusions  of  a  theoretic  nature  were  drawn.  As  no  better 
proof  could  be  produced  than  this  of  what  I  have  advanced,  and  as 
the  paper  is  out  of  print,  and  rare,  a  copy  from  it  is  submitted. 
Fig.  3  is  a  section  of  the  walls  as  they  gave  way.  No  mortar  was 
used  between  the  bricks,  which  exijlains  their  sliding  somewhat  on  their  beds. 
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angle  of  rupture  was  taken  at  45°,  instead  of  that  of  the  liaeking,  the 
agreement,  as  might  be  expected,  was  much  closer.  In  the  table  an- 
nexed, column  C'  is  calculated  by  the  formula,  and  column  _D  by  the  old 
formula.  Column  C,  is  still  larger  than  found  necessary,  by  experiment. 
This  is  chiefly  due  to  the  Kne  of  rujiture  being  assumed  in  the  formula 
to  be  the  line  of  natural  repose  of  the  earth,  whereas  it  was  at  an  angle 

""i 
of  45°.      Also  exceeds  what  is  usual  in  practice. 

SuRCHAKCiED  Walls. — In  the  case  of  surcharged  walls,  overturning 
takes  place  in  the  same  manner,  and  the  formula,  "SA'hen  modified,  gave 
closer  results  than  that  for  ordinary  walls.  The  experiments  were  re- 
peated many  times,  and  the  walls  just  gave  way  when  they  reached  the 
calculated  height  E. 

In  the  preceding  case  the  surcliarge  slopes  ofl"  indefinitely.  -  It  has 
been  given  to  cover  a  limited  surcharge  as  well,  since  the  formula,  in 
such  a  case,  become  too  unwieldy  ;  and  under  extreme  limits  the  dif- 
ference in  assuming  a  "  limited  surcharge, "  indefinitely  prolonged,  is 
not  more  than  3  iier  cent.  In  every  experiment  tried,  the  results  were 
most  satisfactory,  the  heights  calculated  by  Formula  E  being  those 
almost  exactly  at  which  the  walls  gave  way.  The  experiments  were  all 
repeated  several  times,  so  that  there  might  be  no  mistake. 

In  the  absence  of  a  table  of  cosines,  the  following  may  be  of  use 
in  an  engineer's  note-book.     It  is  carefully  calculated  from  Formula  E: 


No  Factor. 

Factor 

OF  Safety 

=  2.* 

1.0 

1.0 

0.9 
.445 

0.8 

0.7 

0.6 

0.5 

0.4 

Angle  of  repose, 
with  horizon. 

t 
1, 

.418 

.395     1 

.364 

280 

.33.55 

.470 

.330 

.300 

300 

.3291 

.461 

.440 

.412 

.387 

.357 

.327 

.295 

320 

.3222 

.451 

.429 

.403 

.  380 

.3.50 

.320 

.283 

340 

.3150 

,441 

.  420 

.394 

.370 

.342 

.313 

.278 

3(iD 

.3074 

.  430 

.410 

.384 

.300 

.333 

.305 

.270 

380 

.2904 

.419 

.398 

.375 

.350 

.  325 

.300 

.265 

400 

.2911 

.  408 

.388 

.305 

.340 

.316 

.290 

.257 

4-20 

.2823 

.395 

.375 

353 

.330 

.306 

.280 

.250 

440 

.  2732 

.383 

.304 

.342 

.320 

.297 

.270 

.240 

4C0 

.2040 

.  370 

.352 

.330 

.311 

.287 

.263 

.233 

*  That  is  the  earth  prism  is  assumed  at  double  its  real  value,  when  in  equilibrium — hence 
Column  3  is  Column  2  multiplied  by  v^  2. 
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Transformation  of  Profiles. — Vaubun's  well  kuown  rule  for  trans- 
forming a  rectangular  wall  into  one  of  e(inal  stability,  vdtli  a  batter  on 
the  face,  seems  to  liave  been  little  used,  yet  it  tniables  us,  in  calculation, 
to  deal  only  with  rectangular  ones  for  which  the  formula  becomes  simple. 
It  is  correct  to  within  r^  nth,  so  long  as  the  batter  exceed  ^th.  In 
practice,  now,  it  is  usual  to  give  a  less  batter  ;  the  error  then  becomes 
only  -7^1  st.  I  find,  by  taking  the  common  thickness  at  ruth  the  height 
instead  of  ith,-  this  error  is  very  much  reduced,  provided  small  batters, 

as  1^.  inches  per  foot,  are  used. 

u'l    h','    COS.    <p; 
By  ordinary  statics    TT"  =  1.16  «•  t  liy  ;    TT^i  = ^ the 

t  It  2  COS.    (p. 

lever  arm  of   W  is  practically     ^  ,  and  of   TFi  =    g >  (  '>  being 

the  weight  of  waU,  and  TT'i  that  of  the  ^jrism  of  jDressure) ,  the  center  of 
moments  is  at  A  ;  hence 

1.16  li'  t'^  hi  wi   h-,'-^  ., 

2 =  6 "''■'■ '   '^• 

If  the  surcharge  start  from  the  back  of    the  wall,  then  hi  =  h'^,   and 
remembering  hi  ^=  0.70  h, 

i  =  0.38  COS.   (p.  J^  h  [E] 

If  the  prism  of  pressure  starts  from  the  foot,  at  back  of  wall,  then 

t  =  0.574.  COS.  cp.  ^  bll-  h. 

V    7/' 

Here  the  diflference  in  the  formula?  is  as  much  as  50  per  cent. 

By  the  model,  with  peas  as  before, 

i  =  0.48  h, 
whence  the  calculated   thickness  of  wall  is  3;!,  compared  with  Si'-,,,  fis 
actually  required. 

The  rule  is  :  revolve  (he  face  line  to  the  projyer  batter,  about  a  point 
on  this  line  siluated  above  the  bottom  -^th  the  height  of  the  irall,  the  re- 
sulting profile  is  one  of  equal  stability  with  the  former  rectangular  one. 
The  correctness  of  this  rule  was  proved  by  experiment. 

CoimTERFORTs. — The  percentage  of  gain,  theoretically  estimated, 
has  been  found  so  small  as  to  be  outbalanced  by  the  extra  cost.  In 
some  English  experiments  it  was  proved  that  much  resistance  was 
caused  by  the  friction  and  adherence  of  the  earth  to  the  sides  of  the 
counterforts,  and  that,  too,  when  they  did  not  extend  in  more  than 
9  inches.  They  needed,  however,  to  be  at  frequent  intervals,  otherwise 
the  wall  gave  way  between  the  piers. 
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It'  the  manner  in  wliieh  these  mode]  walls  give  waj  is  examined,  the 
fact  will  be  noticed  that  the  earth  or  peas  do  not  revolve,  as  stated  hy 
some  -m-iters,  about  the  bottom  point  of  the  prism  of  pressure,  but 
that  they  settle  suddenly  on  and  j)arallel  to  the  line  of  rupture,  and  then 
come  to  rest  until  a  jar  starts  them  again.  Now.  stepping  the  back  of 
the  wall  so  as  to  'increase  the  friction  against  it,  at  the  same  time  re- 
ducing the  batter  on  the  face  on  account  of  moisture,  are  practical 
features  well  worth  considering.  Engineers  hold  opposite  opinions  on 
the  matter. 

Factoks  of  Safety. — A  constant  factor  of  safety  cannot  be  deter- 
mined xipon,  owing  to  varying  circumstances,  lint  in  a  formula  which 
gives  closely  the  thickness  for  exact  equilibrium  a  factor  can  be  intro- 
duced understandingly,  according  to  the  relative  circumstances,  and  sub- 
ject to  the  judgment  of  the  engineer.  Taking  the  moment  of  the  wall 
at  twice  that  of  the  earth  prism  has  given  good  results,  and  does  not 
make  the  wall  too  hea\y  at  any  time,  since,  in  the  formula  for  the  thick- 
ness, the  factor  becomes  the  \'  2  (or  whatever  the  assumed  factor  may 
be)  instead  of  2. 

In  conclusion,  it  may  be  said,  so  much  depends  upon  the  manner  in 
which  the  work  is  done  after  the  i^roflle  'has  been  determined,  that 
economy  is  best  attained  by  a  proper  regard  to  the  practical  details 
of  construction.  Too  often  these  are  carelessly  attended  to,  and  the 
safety  of  a  structure  of  ample  strength,  if  jsroperly  built,  is  brought 
into  question. 

I  am  inchned  to  think  that  it  is  more  important  to  laj'  particular 
stress  on  the  close  fitting  of  the  backing  earth  than  on  the  use  of  good 
cement  and  mortar,  careful  bond  or  large  stone.  These,  of  course,  are 
important  and  very  desirable,  but  they  will  not  save  a  wall  if  the  earth 
has  shrunk  from  it,  and  there  is  a  sudden  settlement  of  the  earth  wedge. 

Mb.  J.  DiTTTON  Steele — A  practical  laile  verified  by  my  experience — 
for  surcharged  walls  of  dry  masonry  less  than  18  feet  high — is  to  make 
them  3  feet  WT.de  on  top,  with  a  batter  of  ^th  outside  and  none  inside.  In 
one  case  for  a  mortared  waU,  18  feet  high,  I  reduced  the  width  at  top  to 
2i  feet  and  made  a  batter  on  both  sides.  Engineers  who,  from  lack  of 
room,  have  been  compelled  to  lay  walls  upon  nan-owed  or  stepped 
foundations  will  be  pleased  to  know,  from  Mr.  Constable's  experiments, 
tliat  such,  conform  to  theory,  and  are  safe  in  practice. 

Mk.  Fkancis  Collingwood — Is  it  not  better  to  step  the  back  of  a 
wall  rather  than  give  it  a  batter  V 
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Mr.  Constable — It  is  niorc  a  niiittcr  of  ])rii<'tice  than  of  theory  ;  upon 
thus  stepjnng  a  Avail,  the  bat-k  tilliiii;-  u[)on  settlement  does  not  aet  as  a 
wedge. 

Me.  Steele — Generally  now  the  back  of  a  wall  is  not  stepped,  as 
formerly,  but  made  vertical :  often  in  railway  practice  it  is  counter-sloped 
or  undercut,  and  the  stability  thereby  increased.  The  back  should  have 
a  ' '  fv(  )st"  batter  at  top  where  the  earth  is  likely  to  freeze,  so  that  it  may  be 
lifted  from  the  wall  ;  care  should  always  be  taken  in  backfilling  to  slope 
the  ])acked  earth  from  the  wall  rather  than  towards  it. 

Mr.  Isaac  D.  Colman— In  filling  behind  the  masonry  of  the  New 
York  State  canal  locks,  broken  stone  one  foot  in  thickness  Avas  placed 
between  the  wall  and  embankment. 

Me.  Constable,  by  experiment  with  the  model,  demonstrated  that 
two  walls  of  the  same  area  of  section,  with  batter  on  face,  of  0 .  22,  one 
with  parallel  sides  and  the  other  with  a  vertical  back,  were  equally  stable, 
and  also  that  the  saving  in  material  by  giving  much  batter  is  but  little. 
A  wall  battered  on  the  back  less  than  on  the  face,  evidently  is  less  econo- 
mical than  if  all  the  batter  was  on  the  face. 

He  submitted  a  communication  from  a  Canadian  engineer,  from 
which  is  quoted  :  In  jiractice  I  have  always  made  my  walls  heavier  than 
theory  demanded,  on  account  of  the  severe  operations  of  frost  in  this 
northern  latitude,  where  it  strikes  from  3  to  4  feet  into  the  ground  ;  and 
yet,  wdthout  giving  a  slojie  or  "frost"  batter  to  the  back  of  the  wall, 
when  the  frozen  earth  presses  against  it,  our  strongest  walls  could  not 
stand. 

It  has  been  my  rule  to  make  the  base  of  the  wall  fth  its  height,  but 
this  is  for  first-class  masonry,  laid  in  hydraulic  cement. 


LXXXVII. 

NOTES    ON    THE 

FLOW  (IF  THE  WEST  BRANCH  OF  THE  CWTON  RIYER. 

A  paper  by  J.  James  E.  Croes,  C.  E.,  Member  of  the  Society, 

Kead  May  6,  1874. 


The  constrnction  of  the  first  storage  reservoir  for  impoundiug  a  por- 
tion of  the  surplus  flow  of  the  Croton  River  for  use  in  dry  seasons  to 
keep  up  the  requisite  supply  for  New  York  city,  was  begun  by  the  Croton 
Aqueduct  Board  in  18G6.  This  reservoir  is  sitiiated  on  the  West  Branch 
of  the  Croton,  in  the  town  of  Kent,  Putnam  county,  N.  Y.,  60  miles 
north  of  New  York  and  23  miles  by  the  course  of  the  stream  above  the 
Croton  dam,  at  the  termination  of  the  aquedTict.  It  receives  the  drain- 
age of  20. 37  square  miles.  The  surface  of  this  water-shed  is  very  broken 
and  undulating,  the  hill  sides  steep  and  rocky,  a  large  proportion  of  the 
area  covered  with  timber,  and  of  the  cleared  portion  the  greater  part  is 
kept  in  grass,  very  little  being  cultivated.  The  rock,  which  lies  near  the 
surface  over  most  of  the  area,  is  a  very  compact  gneiss. 

Observations  of  rain-fall  have  been  made  since  June,  18G6.  The  point 
at  which  they  were  taken  until  1872,  was  565  feet  above  the  level  of  the 
sea,  in  the  valley  a  mile  and  a  half  above  the  dam.  There  were  of  course 
many  showers  extending  over  only  n  limited  area,  but  the  observations 
taken  at  this  point,  ailorded,  I  think,  a  very  fair  average  of  the  rain-fall 
on  the  entire  water-shed.  The  gauge  used  was  of  the  "Smithsonian'" 
pattern,  2  inches  in  diameter. 

Measurements  of  the  fl(jw  of  the  stream,  near  the  dam  site,  were  taken 
under  my  supervision  from  April  27th,  1867,  to  July  lotli,  1868,  and  from 
September  26th,  1869,  to  October  1st,  1870.  Observations  were  generally 
made  three  times  a  day  (during  freshets  much  more  frequently,  and 
care  was  taken  to  note  the  time  of  maximum  flow  after  rains)  until 
Jjinuary,  1871.  "•'■  xlfter  that  date,  only  one  reading  was  taken  daily,  to 
February  1st,  1872,  and  from  then  no  measurements  were  made  until 
April  10th,  when  they  were  resumed,  and  continued  until  November  8th, 


*  I  am  indebted  to  the  Chief  Engineer  of  the  Croton  Aquednot  for  coijies  of  the  gimge  read- 
ings made  subsequent  to  October  1st,  1870. 
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1872.  The  total  number  of  observations  wliidi  liuve  been  rednced  to 
obtain  the  results  given  below,  is  2,510. 

The  f ollowing  method  was  ijursued  in  making  the  gaugings :  all  the 
Avater  which  tiowed  from  the  drainage  area  tributary  to  the  reservoir,  was 
caused  to  tlow  over  a  weir  with  horizontal  crest  and  vertical  side  boards 
one  inch  thick.  In  the  first  series  of  gaugings  the  weir  was  24  feet  long, 
in  subsequent  ones,  21.15  feet,  and  this  was  afterwards  reduced  to  18.02 
feet.  The  channel  just  above  the  weir  was  3  feet  wider  than  the  weir  was 
long,  with  parallel  sides,  planked  for  15  feet,  above  which  it  widened. 
The  height  of  the  crest  of  the  weir  above  the  bottom  of  the  channel  was 
about  18  inches  on  the  upper  side,  and  there  was  a  clear  fall  of  about  30 
inches  on  the  lower  side.  With  this  weir  and  heads  of  0. 15  to  4  feet, 
perfect  contraction  was  obtained.* 

The  head  was  measured  by  a  float  gauge  enclosed  in  a  box,  and  at- 
tached to  a  gradiiated  rod.  Ordinarily  there  was  no  diflBculty  in  reading 
this  gauge  to  0.005  feet.  When  the  float  was  imsteady,  the  mean  of  the 
oscillations  for  several  minutes  was  taken.  The  gauge  was  i^laced  far 
enough  above  the  weir  to  be  unaffected  by  the  fall  in  the  surface  in  pass- 
ing over  the  weir. 

For  all  heads  above  0. 15  feet  the  discharge  has  been  computed  by  Mr. 
Francis'  formula 

2  :: 

q  =  3.83  (I—  -^Q  h)  h- 

in  which  Q  =  cubic  feet  per  second,  /  =  length  of  weir,  and  li  :=head 
on  weir;  all  in  feet. 

The  water  generally  approached  the  weir  mthout  appreciable  velocity; 
in  heavy  freshets  there  was,  however,  some  current;  no  account  of  which 
has  l)een  taken  in  the  computations.  It  is  j)ossible,  therefore,  that  the 
quantity  of  water  which  passed  the  weir  in  very  heavy  freshets,  was 
somewhat  in  excess  of  the  calculated  amounts. 

The  diagrams  I  and  II  show  the  course  of  the  flow  during  the  months 
when  there  was  no  snow  on  the  ground,  for  the  years  1867  and  1870. 
They  include  the  periods  of  greatest  and  least  flow.  These  diagrams, 
exhibiting  the  great  fluctuations  in  the  flow  diiring  24  hours,  show  how 
little  reliance  can  be  placed  upon  gaugings  of  a  stream  Avhich  are  made 
only  once  a  day,  and  how  impossible  it  is  to  form  any  idea  of  the  dis- 
charge of  a  stream  from  a  single  gauging. 


*  On  two  occasions  the  head  exceeded  4  feet  for  a  few  hours,  and  during  thp  dryest  season 
it  was  occasionally  less  than  0.15  feet. 
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During  tlie  first  series  of  gaugiugs  (1867-8),  the  cliannel  was  unob- 
striicted.  lu  the  later  ones,  the  dam  had  been  partially  built  and  the 
water  before  reaching  the  weir  was  obliged  to  pass  through  two  openings 
ot  4^  feet  diameter.  In  ordinaiy  stages  of  the  water  the  effect  of  this  oVj- 
struction  was  inconsiderable,  l)nt  in  heavy  floods  the  difference  was  very 
evident,  in  the  diminution  of  the  rate  of  increase  in  the  flow  when  the 
water  was  rising,  and  the  longer  continuance  of  the  maximum  flow,  in 
consequence  of  the  large  area  of  the  water  stored  above  the  dam. 

In  storms,  the  flow  began  to  increase  as  soon  as  the  rain  began  to  fall, 
and  the  maximum  flow  was  reached  from  6  to  8  hours  after  the  rain 
ceased.  The  maximum  flow  measured  was  in  August,  1867.  On  August 
1st,  the  flow  was  only  28,000  cubic  feet  per  hour.  Between  7  o'clock  p. 
M.  and  noon  of  the  next  day,  1.96  inches  of  rain  fell,  and  by  6  o'cloek 
p.  M.  the  flow  had  increased  to  336,000  cubic  feet  per  hour.  Before  the 
effect  of  this  rain  had  ceased,  light  rains  on  Augnist  3d  and  7th,  and 
heavier  ones  on  the  10th  and  14th  kept  the  stream  fuU.  Between  7  o'clock 
p.  M.  of  the  15th  and  10  o'clock  a.  ji.  of  the  16th,  3.38  inches  of  rain  fell. 
At  the  beginning  of  the  rain,  the  flow  was  242,000  cubic  feet  per  hour; 
by  6  o'clock  p.  m.  of  the  16th,  it  had  increased  to  2,432,000  cubic  feet,  an 
average  hourly  increase  of  95,000  cirljic  feet.  This  was  the  greatest  flow 
observed.  The  freshet  on  this  occasion  was  said  by  residents  to  be  the 
greatest  known  for  many  years.  The  flow  at  the  maximum  was  equiva- 
lent to  0. 05  inch  x>er  hour  in  depth  on  the  whole  water-shed. 

While  this  was  the  greatest  amount  of  water  which  passed  the  weir  at 
any  time,  the  actual  discharge  of  the  stream  was  greater  in  February, 
1870.  The  ground  had  been  covered  with  snow,  when  on  the  17th,  a  thaw 
set  in  accompanied  with  rain.  In  28  hours,  2.41  inches  of  rain  fell,  ac- 
companied in  the  afternoon  of  the  18th,  by  thunder  and  lightning,  the 
thermometer  standing  at  53  -  F.  The  water  came  in  such  quantities  that 
the  openings  in  the  dam  were  insufficient  to  carry  it  off,  and  it  rose  20 
feet,  storing  nearly  50,000,000  cubic  feet  behind  the  dam.  For  24 
hours  the  flow  was  2,200,000  cubic  feet  per  hour;  making  52,800,000  cubic 
feet  per  day.  At  the  ordinary  rate  of  increase  and  decrease  of  flow  in 
freshets,  I  estimate  that  the  maximum  discharge  must  have  been  about 
3,500,000  cubic  feet  i^er  hour.  This  would  be  equivalent  to  0.075  inch 
of  rain-fall  per  hour.  In  the  storm  of  October  3d  to  5th,  1869,  which 
created  extraordinary  freshets  in  the  Eastern  States  and  did  great  damage, 
and  of  which  very  full  data  were  collected  and  j^ublished  by  Mr.  J.  B. 
Francis,  the  rain  fall  in  60  hours  at  this  station  was  5.23  inclies.     The 
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o-reatest  How  was  1,255,000  cubic  feet  per  hour.  This  storm  occurretl 
after  a  very  protracted  drouglit,  and  the  ground  was  uncommonly  dry 
and  absorbent. 

The  maximum  tlow  during  any  one  mouth  was  in  April,  1870,  but  the 
hourly  flow  at  no  time  exceeded  1,274:,  000  cubic  feet.  The  stream  was 
uniformly  high,  from  frequent  rains  and  the  melting  of  the  snow  on  the 
L  round.  The  minimum  flow  was  reached  on  August  1st,  1870,  when  only 
/>2,000  cubic  feet  passed  the  weir  in  24  hours. 

The  month  of  least  flow  was  September,  1870,  the  total  discharge  of 
the  stream  for  80  days  being  only  4,508,000  cubic  feet — about  as  much  as 
flowed  ofi"  in  an  hour  and  a  half  during  the  freshet  of  the  previous  Feb- 
ruary. 

Some  peculiar  fluctuations  in  the  daily  flow  as  shown  on  the  diagrams, 
deserve  attention.  It  will  lie  noticed  that  when  the  stream  was  falling 
after  a  storm,  the  flow  frequently  increased  during  the  middle  of  the  day, 
by  several  thousand  cubic  f eeit  per  hour,  and  diminished  again  during  the 
night,  causing  curioiis  jogs  in  the  profile.  This  increase  was  diie  to  a 
miU  at  the  outlet  of  the  White  Pond,  about  4  miles  above  the  weir.  To 
run  the  miU,  the  water  of  the  pond  was  drawn  down  during  the  day,  and 
the  discharge  was  shut  off'  during  the  night.  On  the  other  hand,  in  Sep- 
tember and  October,  1870,  when  the  stream  was  very  low,  the  flow  was 
greatest  in  the  morniiig  and  diminished  during  the  day,  increasing  again 
at  night.  I  suppose  this  variation  in  the  flow  to  have  been  caused  by  the 
greater  evaporation  during  the  day  from  the  surface  of  the  stream  and 
the  ponds.  The  flow  Avas  so  small  during  these  months  that  the  miU 
above  mentioned  could  not  run.  Early  in  the  spring,  on  days  when  it 
froze  at  night  and  thawed  in  the  day  time,  the  rise  and  fall  of  the  mer- 
cury in  the  thermometer  were  marked  by  corresponding  fluctuations  in 
the  flow  of  the  stream. 

Diagram  III  shows  the  monthly  rain-fall  from  June,  1806,  to  January, 
1874,  .and  also  the  monthly  flow  of  the  stream  during  the  49  months  in 
which  gaugings  were  made.  Table  I  gives  the  amount  of  rain-fall  and 
of  water,  which  flowed  oft'  during  each  month  in  which  the  stream  was 
gauged  reduced  to  inches  in  depth  on  the  entire  water-shed,  and  also  the 
ratio  of  flow  to  rain-fall.* 


'*'■  iQ  1872,  gaugings  are  wanting  from  February  1st  to  April  lOtli,  but  as  there  appeared 
to  be  a  certain  ratio  of  flow  to  rain-fall  deducible  from  the  observations  of  the  three  preceding 
years  for  that  period,  I  have  applied  that  ratio  to  this  interval  in  order  to  obtain  a  full  year  for 
comparison.  It  is  very  evident  that  no  gauging  for  a  single  month  affords  any  criterion  for 
iurlgiug  of  the  XJroportion  of  the  rain-fall  which  can  be  stored  during  a  year. 
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In  arranging  these  results  for  comparison,  I  have,  for  reasons  given 
hereafter,  assumed  the  year  to  begin  with  November  1st.  This  gives 
three  full  years  consecutively.  The  first  series  of  gaugings  not  affording 
a  year  beginning  at  that  date,  the  one  beginning  with  July  1st  is  taken. 
Table  II  gives  the  yearly  proportion  of  flow  to  rain-fall  for  the  years  as 
stated  above,  and  also  for  the  12  mouths  of  greatest  and  least  rain-fall 
and  flow. 

Table  II. 


Year  eucling 

Kaiu-liill— 
inches. 

Flow — inches. 

Per  cent,  of 

rain 
flowing   off. 

Los.=;  by  evapor- 
ation,   &c. 
—inches. 

.July  1    18(is 

.52.. 31 
52.12 
49.0.") 
4(5.97 
49.02 
46.00 
39.08 
!50.61 
48.00 
.50.00 
53.75 
39.36 
44.70 

37.071 

37.689 
22.385 
24.082 

31.4.58 
42.663 
18.879 
28.052 

70.866 

76.886 
48.664 
61.623 

62.916    ■ 
79.. 373 
47.964 
62.7.57 

15.239 

Nov.l,  18G7 

N<w  1    IKGS          ..           .... 

Nov.  1,  18r,9 

Nov  1,  1870 

11.331 

Nov.  1,  1871   

23.615 

Nov.  1,  1872 

Nov    1   1873 

14.998 

Mean  of  8  years 

Mean  of  49|  months. . . 

Oct.  1,  1870 

May  1,  1870 

a 

"b 

c 

18.. 542 
11.087 
20.481 

d 
Mean  of  1870,  1871  &  1872.. 

16.648 

From  June,  1866  to  January,  1874,  the  greatest  rain-fall  in  any  con- 
secutive 12  months  was  56.41  inches  for  year  ending  March  31st,  1869, 
and  the  least  was  38.38  inches  for  year  ending  September  30th,  1869. 
Unfortunately  these  extremes  were  reached  during  the  time  that  the 
gaugings  were  suspended.  It  will  be  observed  that  they  were  comprised 
within  a  i^eriod  of  18  months.  A  similar  period  of  maximum  and 
minimum  rain-fall  occurred  within  19  months,  when  gaugings  were  taken 
continuously.  For  the  year  ending  September  30th,  1870,  the  rain-fall 
was  53.75  inches,  while  for  the  year  ending  April  30th,  1871,  it  was  39.36 
inches.  The  flow  during  the  19  months  was  57.48  inches,  being  74.3  per 
cent,  of  the  rain-fall. 


a  Mean  of  all  gaugings.  /*  12  months  of  maximum  flow. 

c  12  months  of  minimum  flow,     d  3  years  continuous  observations,  including  great  drought. 


82 

The  observatious  for  the  three  years  ending  October  30th,  1872,  cover 
a  season  of  extraordinary  drought.  The  rain-fall  was  much  below  the 
average,  Ijut  the  i^ercentage  of  How  was  virtually  the  same  as  for  the 
whole  period  covered  by  gaugings.  The  rain-fall  for  the  following  year 
was  much  greater,  and  the  flow  must  have  been  greater. 

In  calculating  the  amount  of  storage  room  required,  it  is  necessary  to 
consider  the  use  which  is  to  be  made  of  the  reservoir.  If  it  is  to  be  used 
merely  as  a  supplementary  reservoir  (as  is  the  one  on  the  West  Branch), 
for  supiilpng  a  deficiency  in  the  flow  for  a  portion  of  the  year,  the  storage 
year  may  be  considered  as  beginning  on  November  1st,  at  which  time  the 
minimum  flow  has  passed,  and  in  ordinary  circumstances  the  yield  of 
the  larger  water-shed  has  increased  sufiiciently  to  furnish  the  requisite 
supph'.  From  November  1st  to  July  1st,  all  the  water  can  be  stored,  and 
the  whole  supply  then  drawn  off  in  the  four  dry  months  following.  If, 
on  the  other  hand,  the  storage  reservoir  is  to  be  used  also  as  a  supply 
reservoir,  and  there  is  to  be  a  constant  di'aught  upon  it  of  the  average 
monthly  supply,  the  year  must  be  considered  as  beginning  on  March  1st, 
as  it  is  not  until  that  time  that  the  yield  of  the  stream  increases  beyond 
the  mean  quantity  required — so  great  a  proportion  of  the  rain-fall  being 
in  the  form  of  snow  during  the  winter  month,  and  not  reaching  the 
stream  until  March. 

In  the  three  years  ending  October  30th,  1872,  the  course  of  the  flow 
was  such  that  we  can  compare  the  two  systems  by  years,  beginning  with 
November  1st.  The  average  yearly  flow  being  28  inches,  the  monthly 
supply  wUl  be  2.33  inches.  Under  the  first  system,  that  of  a  supple- 
mentary reservoir,  there  Avould  have  been  stored  from  November  1st, 
1869  to  July  1st,  1870,  36.4  inches  ;  by  November  1st,  this  would  have 
been  reduced  to  9.7  inches  by  dra\v'ing  otf  28  inches  yearly  demand. 
The  discharge  being  stopped  then,  there  would  have  been,  by  July  1st, 
1871,  28.5  inches,  which  would  have  been  reduced  by  NovembeK  1st,  to  4 
inches.  By  July  1st,  1872,  there  would  have  been  stored  24.5  inches,  and 
by  November  1st,  the  resorvoir  would  again  have  been  emptied.  If 
there  had  been  a  constant  draught  of  2.33  inches  per  month,  the  greatest 
amount  stored  at  any  one  time  woukl  have  been  19.3  inches,  onlj^  two- 
thirds  of  the  amount  under  the  other  system. 

In  these  amounts  no  allowance  for  evaporation  and  alisorption  in  the 
reservoir  has  been  made.  The  amount  of  rain-fall  lost  from  these  causes 
in  the  stream  ninuing  naturally  varied  from  11  to  nearly  24  inches  x>ei' 
annum.     In  a  reservoir  presenting  a  large  surface  of  water,  the  amount 
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in  aJdition  lust  t'rom  eviiporation  would  be  consideruble.  Observations 
on  evapoi-iitiou  from  water  surfaces  have  been  made  at  the  receiving 
reservoir  in  New  York  since  1864.  *  The  mean  annual  evaporation  for 
six  years  was  39.21  inches,  81  per  cent,  of  the  rainfall.  Observations  were 
made  on  the  West  Branch  from  June,  lSfir),to  October,  1870.  The  apparatus 
consisted  of  a  box  4  feet  square  and  3  feet  deep,  sunk  in  the  earth  in  an 
exposed  .situation,  and  filled  with  water.  The  mean  annual  evaporation 
was  found  to  be  'liAo  inches,  wliih'  from  a  similar  l>ox  at  the  receiving 
reservoir  the  amount  observed  w-as  35.  (i  inches.  Part  of  the  difference 
may  be  due  to  diiference  of  latitude,  elevation  and  distance  from  the  sea- 
coast;  but  more  is  due,  I  tliink,  to  dift"(n'ences  in  the  mode  of  measnre- 
ment.  My  observations  were  made  twice  a  day,  and  any  apparent  dis- 
crejjaucies  were  checked  and  corrected  at  once.  The  other  observations 
were  taken  only  once  a  month,  the  difference  between  rain-fall  and  the 
reading  of  the  gauge  on  the  box  being  taken  as  the  evaj)oration.  I  con- 
sider the  method  followed  on  the  West  Branch  the  more  reliable. 

The  gi'eatest  evaporation  per  year  there  noted  was  27. 7  inches.  If 
we  allow  28  inches,  and  assume  the  area  of  water  surface  to  be  7  per  cent. 
of  the  water-shed,  the  loss  from  evaporation  will  be  equivalent  to  2 
inches  of  i-ain-fall.  The  loss  from  leakage  and  absorption  ought  not  to 
be  assumed  as  less  than  double  this  amount,  making  the  total  loss  in  the 
reservoir  equal  to  6  inches  of  raiu-fall. 

The  maximum  loss  from  other  sources,  as  stated  above,  was  about  24 
inches,  the  average  being  18.5  inches.  We  will  certainly  be  on  the  safe 
side,  therefore,  in  assuming  the  loss  of  rain-fall  at  30  inches  per  annum. 
With  a  mean  rain-fall  of  48  inches,  we  would  have  an  available  supply  of 
18  inches  per  annum.  If,  for  safety,  it  was  preferred  to  take  the  mean 
rain-fall  of  the  years  1871  and  1872,  the  available  yield  would  be  12J. 
inches.  This  would  seem,  however,  to  be  carrying  precautionary  meas- 
ures to  an  extreme  point,  for  the  actual  available  yield  for  these  tAvo 
years  was  (allowing  6  inches  for  resen^oir  loss)  19.30  inches  per  annum. 

For  purposes  of  comparison,  there  is  given  in  Table  III,  the  result  of 
computations  made  by  Mr.  J.  P.  Kirkwood  on  the  How  of  the  total  a\  :iter- 
shed  of  the  Croton  river,  from  which  the  supply  to  New  York  is  drawn,  f 

*  These  were  made  with  an  apijanitus  desi«ned  by  Mr.  B.  S.  Church,  the  Assistant  Engi- 
neer of  the  Croton  Aqueduct,  and  described  in  the  report  of  the  Croton  Aqueduct  Board  for 
18Ci.     The  results  were  published  in  the  annual  reports  of  the  Board  until  1870. 

t  This  table  is  compiled  from  one  fiiveu  by  Mr.  .Joseph  P.  Davis,  in  his  report  on   "Addi- 
tional Water  Sup-ly  for  Boston,"  January,  1873. 
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This  wiiter-sheci  includes  tlitit  of  the  West  Branch,  but  is  16  times  as 
great,  comprising  335  square  miles.  The  .proportion  of  flat  and  culti- 
vated land  is  much  gi-eater.  The  rain-fall  is  estimated  from  gaugings 
taken  at  three  points,  one  of  which  "vvas  ovitside  the  basin.  The  flow  is 
estimated  from  the  daily  observations  of  the  heights  on  the  overflow  of 
the  dam  (260  feet  long),  and  from  the  depth  of  water  flowing  through 
the  aqueduct.  These  give  a  rough  approximation  to  the  quantity  of 
water  which  fell  :ind  which  flowed  ofl:".  As  might  be  expected,  from  the 
character  of  the  two  Avater-sheds  and  from  the  different  methods  of 
measurement,  the  flow  from  the  whole  valley  bears  a  smaller  proportion 
than  that  from  the  West  Branch  to  the  rain-fall. 


TABLE   III. 

Rain-fall  and  flow  of  Ckoton  Watek-shed,  as  ouMriTEi.) 
BY  Mb.  Kerkwood. 


Year. 

Rainfall. 
Inches. 

Flow. 
Inches. 

Percentage  j 
Flowing  off. 

Year. 

Eainfall. 
Inches. 

Flow. 
Inches. 

Percentage 
Flowing  off. 

1804 

1865 

18CG 

40.80 
52.43 

48.57 

14.892 
20.563 
25.208 

36.5 
39.2 
51.9        1 

1867... 
1868. . . 
1869... 

48.88 
60.87 
52.21 

•50.62 

30.649 
34.804 
25.553 

62.7 
57.2 
48.9 

35.278 

49.93 

COMPAKISON    WITH    WeST    BkANCH    GaUGHNGS    FOR    SAME    PERIODS. 


Croton  Valley. 

West  Branch. 

Rain. 

Flow. 

20.415 

18.980 

7.077 

1 
Per  cent. 

52.2 
70.5 
35.4 

'      Rain. 

40.43 
24.02 
17.85 

Flow. 

23.822 
22.027 
13.735 

Per  cent. 

May  1  to  Dec.  ol .  18G7 

Jan.  1  to  July  30,  1868 

Oct.  1  to  Dec.  31,  1869 

38.59 
26.91 
19.99 

.58.9 
91,7 
77.0 

For  186S  and  1.S69,  Mr.  Kirkwood's  estimate  of  rain-fall  is  very  much 
greater  than  my  measurement.  In  comparing  the  two  sets  of  observa- 
tions, it  must  be  borne  in  mind  that  the  flow  at  the  Croton  Dam  has 
already  been  subjected  to  the  losses  from  evaporation  and  the  like,  which 
I  have  considered  above. 
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As  before  stated,  it  is  evitleut.  from  an  inspcetiou  of  tlie  tables  and 
dij,grams,  that  no  single  gauging  will  atiford  any  c-vitevion  of  tlie  (Quantity 
of  water  wliicli  may  be  collected  from  a  stream,  nor  A\-ill  tlie  gaugings  of 
auj^  one  month  be  more  reliable.  I  find,  however,  in  analyzing  the 
results  of  the  West  Branch  gangings,  and  also  Mr.  Kirkwood's  results  from 
the  whole  water-shed  of  the  Croton,  that  a  very  close  approximation  to 
the  proportion  of  flow  to  rain-fall  for  any  one  year  is  obtained  by  gaug- 
ings continued  through  the  months  of  May  and  June  in  that  year. 
These  are  the  months  in  which  the  flow  from  any  water-shed  might  be 
expected  to  approach  most  nearly  to  that  which  is  due  to  the  topograj^hi- 
cal  and  geological  character  of  the  region.  In  this  latitude,  by  May  1st, 
the  snow  has  disappeared,  and  the  excess  of  flow  produced  by  its  melt- 
ing has  passed  off.  Up  to  the  end  of  June  the  heat  has  not  lieen  so 
excessive  as  to  dry  up  the  gTound.  Table  IV  shows  the  results  of  this 
classification. 

TABLE      IV. 

COMPAUISOK    OF 

Gaugings  fob  May  ajjd  June,  with  those  of  the  whole  teak. 
west  branch  water  shed. 


May  and 
June. 

Rain. 

Flow. 

Per  cent. 

Year  ending. 

Rain. 

Flow. 

Per  cent. 

1867 

12.14 

13.32 

4. 30 

9.18 

7.69 

8.787 
9.659 
3.148 
4.413 
3.463 

72.381 
72.513  i 
72.200 
48.072 
45.032 

May  1,  1868 

51.13 
52.31 
49.02 
46.00 
39.08 

36.169 
37.071 
37.G8S) 
22.385 
21.082 

70.739 

1868 

1870 

1871 

1872 

July  1,  1868 

November  1,  1870. . . . 
November  1,  187!. . . . 
November  1,  1872.... 

70.8U6 
76.886 
48.664 
61.62:) 

Mean  of  five  years 63.118 


Mean  of  four  years'  saugiugs 62. 916 


CROTO.N  RIVER  WATER  SHED. 


1864. 
1H65 . 
1866. 
1867. 
1868. 
1869. 


H.27 
13.0'J 

8.68 
12.16 
15.94 

7.71 


•J.  714 

1 
32.8 

4.911 

37.5 

4.442 

51.2 

7.  lit.. 

.-59.2 

8.816 

.55.3 

3.732 

48.4 

December  31,  1864. 
November  1,  1865. . 
November  1,  1866  . 
November  1,  18()7.. 
November  1.  1868.. 
November  1,  1859. . 


40.80 
51.62 
48.;!.J 
51.17 
57.05 
48.8:5 


14.892 
21.292 

22.092 

:i2.97;i 
:».428 
26.12:1 


36.5 
11.:! 
45.7 
64.4 

57 . 7 
5:! .  5 


Mean  of  six  years 48 .  30 
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With  the  exception  of  the  results  for  1872,  the  percentage  flowing  off 
in  May  and  June  is  within  5  per  cent,  of  that  for  the  year.  The  re- 
markable agreement  of  these  results  would  seem  to  indicate  that  where, 
for  any  reason,  gaugings  cannot  be  continued  for  the  whole  year,  they 
miglit  be  made  during  the  months  of  May  and  June,  and  each  year's 
gauging  would  give  nearly  the  proportion  of  flow  to  rain-fall  for  that 
year,  and  the  average  of  several  years'  gaugings  during  these  months 
would  give  very  closely  the  average  proportion  per  year. 

The  great  differences  existing  in  the  results  for  different  years  show 
the  importance  of  continuing  gaugings  for  a  long  time.  Where  water 
works  are  constructed  and  in  operation,  the  cost  of  making  measure- 
ments of  rain-fall  and  flow  is  veiy  slight,  and  the  knowledge  obtained 
from  a  systematic  continuation  of  them  is  of  the  greatest  value  when,  as 
so  often  occurs,  the  first  works  constructed  for  the  supply  of  water  to 
a  town  begin  to  i^rove  insufficient.  In  the  designing  of  new  works  the 
want  of  information  on  this  point  is  much  felt,  and  it  should  be  urged 
upon  every  engineer  having  charge  of  water-works  to  keep  a  full  record 
of  gaugings,  and  transmit  the  same  to  the  Society  yearly. 


/.  JJailr  flow  of  He-i/Bramli   o/C'rolonJ^he/ 
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I^XXXAIII. 

ON  THE  FORM.  WEiaHT,  MANUFAfTURE  AND  LIFE  OF  RAILS. 

A  Report  by  Ashbel  Welsh,  C.  E.,   M.  N.  Forney,  M.  E., 
O.  Chanute,  C.  E.,  and  I.  M.  St.  John,  C.  E., 

Members    of     the    Society. 

Ajjopted  JtnsTE  10,  1874. 


The  members  of  the  Committee  (or  such  of  tliem  as  have  been  able 
to  meet  together)  api^oiuted  to  investigate  and  report  npon  the  forms, 
sizes,  manufacture,  tests,  endurance  and  breakage  of  rails,  and  also  the 
comparative  economy  of  steel  and  iron  rails,  have  given  attention  to 
the  subject,  and  issued  circular  interrogatories*  to  obtain  the  results  of 
American  exiJerience.  They  have  not,  however,  as  yet  received  a  suflB- 
cient  number  of  responses  to  warrant  a  final  report,  or  to  give  full 
numerical  results,  on  a  subject  so  extensive,  so  imjiortant,  and  in  .some 
respects  so  unsettled.  This  they  hope  to  do,  at  the  next  Annual  Meet- 
ing of  the  Society,  and  accordingly  urgently  repeat  their  requests  for 
answers  to  their  interrogatories. 

There  are  some  points,  however,  on  which  experience  has  enabled 
them  to  form  opinions  so  decided,  that  they  now  submit  them  to  the 
Society.  Members  can  compare  these  with  facts  within  their  own  knowb 
edge;  and  the  Committee,  on  hearing  from  them,  -wiR,  if  such  facts  require 
it,  modify  their  opinions  in  the  final  report. 

Before  entering  upon  the  particular  ^joints  on  which  the  Committee  is 
to  report,  it  ^vUl  be  proper  to  present  some  general  considerations  bear- 
ing upon  all  of  them. 

A  rail  has  two  principal  functions  or  classes  of  functions  ;  acting  as  a 
beam  or  girder,  to  carry  the  heaviest  weights  between  the  most  distant 
ncf'ia'  supports,  without  straining  the  metal  beyond  the  limits  of  its  elas- 
ticity ;  and  to  distribute  the  weight  bearing  on  one  point  of  the  rail 
among  the  adjacent  supports.  The  first  part  of  this  function  recjuires 
strength,  the  second  stiffness.  The  second  class  of  functions  or  duties 
of  the  rail  is  to  resist  crushing,  and  to  endure  the  wear.  The  first 
of  those  requires  hardness  and  lireadth  of  surface,  the  second  hardness 

*  A  copy  of  which  can  be  had  upon  application. 


88 

aud  iirea  of  .section  to  wear  ofl',  or  coiisnn)al)lc  area.  We  .sliall  consider 
the  rail  as  divided  into  two  parts,  the  cousTimable  and  the  residual  ;  the 
latter  including  what  is  left  of  the  head  after  the  consumed  part  is  worn 
off,  and  all  l)elow  it.  The  endurance  of  the  rail,  if  of  good  (luality.  de- 
pends on  the  consumable.  The  residual  must  have  the  requisite  strength 
and  stiffness  after  the  other  is  worn  off'.  These  should  be  carefully  dis- 
tinguished.    What  is  good  for  one  is  often  bad  for  the  other. 

In  England,  where  the  supports  are  far  apart,  and  the  weight  on  a 
driver  is  sometimes  as  much  as  16,000  pounds,  and  where  the  enormously 
loaded  wheels  of  the  4-wheeled  cars  are  several  times  as  far  apart  as  the 
supports,  strength  and  stiffness  are  the  controlling  considerations.  But 
in  this  country,  where  supports  and  wheels  are  both  close  together,  much 
less  strengtli  and  stiffness  are  required,  and  too  much  of  the  latter  quality 
actually  diminishes  the  longeAdty  of  the  rail.  After  reaching  a  safe 
moderate  surplus  of  strength  (not  only  for  new,  but  for  well-worn  rails), 
our  whole  attention  shotild  be  directed  to  increase  the  wearing  endurance. 

So  in  a  wooden  liridge.  a  comparatively  moderate  amount  of  timber  is 
sufficient  for  strength  to  support  the  load  if  quiescent,  till  the  timber 
rots  or  is  burned.  But  our  early  wooden  bridges,  strong  enough  to  carry 
the  loads,  and  dural)le  with  very  little  traffic,  wore  out  in  a  few  months 
under  a  heavy  traffic,  from  insufficiency  of  the  small  surfaces  of  contact 
to  bear  the  ^dbrations  without  rapid  wearing.  They  did  not  break  doAvn, 
but  wore  out.  Hence  wooden  bridges  were  condemned,  not  because  the 
material  was  bad,  but  because  there  Avas  not  enough  of  it. 

Rules  derived  from  the  experience  of  one  country  should  be  adopted 
only  with  great  caution  in  another.  As  the  controlling  consideration  in 
England  is  strength,  and  here  wear,  English  rules  thoughtlessly  adopted 
have  seriously  misled  us. 

The  material  (its  kind,  hardness,  strength  and  other  (pialities),  ft>riu 
size  and  connections  should  be  adapted  to  each  other,  to  the  ties,  ballast 
and  road-bed,  to  the  grades  and  curvature,  to  the  weight  on  the  size 
and  surface,  elasticity  and  contour  of  the  wheels  rolling  over  it,  to  the 
speed  of  the  trains,  to  the  climate,  to  the  amount  of  traffic,  to  the  cc>st, 
to  the  rate  of  interest,  and  to  the  facility  of  raising  money  on  the  credit 
of  the  company.  One  jjattern  or  .size  or  kind  of  rail  cannot  be  said  to  be 
right  or  wrong,  without  considering  how  it  is  to  be  fastened,  and  how  it 
is  adapted  to  the  other  things  mentioned. 

To  judge  of  the  best  means  of  preventing  the  destruction  of  rails,  it 
is  necessary  to  keep  in  mind  the  modes  and  causes  of  their  destruction. 
The  principal  modes  in  which  rails  become  unfit  for  service  are,  break- 
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ing-,  criimbliuu,-.  lauiiuiitiui;-,  splitting-,  splintering,  scaling,  mashing, 
wearing  down  the  top,  wearing  oif  the  running  side  of  the  head,  breaking 
off  the  projecting  part  of  the  head  when  worn  down  thin,  liammering 
down  the  ends,  and  otherwise  (hsfignring  the  ends.  We  take  no  notice 
of  those  injuries,  such  as  breaking  the  base,  which  result  from  obsolete 
and  vicious  appliances,  siich  as  chairs. 

The  principal  proximate  causes  of  these  injuries  in  this  country  are 
brittle,  crumbly,  lamellar,  sijlintering,  scaly,  soft,  unequal  at  the  same 
level,  imperfectly  welded,  weak,  or  permanently  strained  metal ;  insuffi- 
cient wearing  surfaces  of  the  head  in  proportion  to  the  weight  on  it  and 
the  hardness  and  elasticity  of  the  metal,  unevenness  from  working  or 
wearing  down  soft  spots,  so  making  shocks,  uneven  or  inelastic  founda- 
tion, ties  too  far  apart  or  rotten,  extreme  cold,  supposed  to  render  the 
metal  more  brittle,  and  rendering  the  rcjjid  bed  uneven  and  inelastic,  bad 
joints,  very  flat  wheels  and  accidental  collisions  or  blows. 

The  ]3rincipal  remote  causes  are,  metal  from  bad  stock,  such  as  cold 
short,  red  short,  cinder,  &c. ;  insufficiently  worked,  burnt,  imperfectly 
welded,  too  much  or  too  little  carbonized,  too  high  or  too  low  tempered, 
permanently  strained  in  cooling  of  unequal  hardness  or  otherwise  badly 
manufactured  ;  punching,  head  too  small ;  stem  and  base  so  heavy  as  to 
make  the  rail  too  rigid  ;  under  side  of  head  too  steep  or  narrow,  or  curv- 
ing to  hold  the  fish-plate — fish-plate  too  short,  narrow,  soft  or  weak; 
uneven  siirface  or  alignment  of  track  ;  road-bed  uneven,  clayey  or  wet ; 
ballast  too  shallow  or  too  coai'se,  or  of  unequal  depth,  stone  ballast  on 
clay  without  intervening  stratum  of  sand  or  gravel,  or  very  fine  broken 
stone  ;  unequal  settling  of  embankment  or  earth  under  the  ballast,  ties 
rotten,  too  far  apart,  too  thin,  short,  soft  or  badly  belled  ;  base  too  nar- 
row for  the  surface  and  hardness  of  the  ties  ;  steep  grades,  sharp  curves  ; 
high  speeds,  heavy  weights,  bad  springs,  wheels  small  or  with  inelastic 
faces  ;  sliding  the  wheels  ;  wheels  worn  into  grooved  faces,  dirt  on  track, 
numerous  stops  and  starts  ;  changes  of  climate,  and  of  course  heavy 
ti'affic,  and  the  enormous  amount  of  uianecessary  dead  weight  of  cars 
continually  dragged  back  and  forth. 

St»me  of  these  proximate  causes  act  by  the  abrasion  of  sliding  wheels, 
as  on  steep  grades,  in  stojipiug  or  reducing  speed,  on  curves  where  one 
wheel  must  travel  farther  than  the  other  during  the  same  revolution,  and 
from  one  part  of  the  same  conical  wheel  having  a  different  circumference 
from  another  part  traveling  over  the  same  rail — and  by  traction.  In 
many  cases  the  too  great  weight  on  a  small  area  of  rail  surface  crushes 
the  metal  and  destroys  its  cohesion,  and  thus  abrasion  easily  wipes  it  off. 


90 

In  traction  the  minute  grain,  fibres  or  particles  of  the  top  fihn  of  the 
rail  are  alternately  pulled  one  way  by  the  driver,  then  the  other  way  by 
the  other  wheels,  till  finally  loosened  and  rubbed  off. 

Rails,  as  well  as  machinery,  on  each  system  of  railroads  ought  to  be  in 
uniform  classes,  each  class  proportioned  to  the  traffic  and  other  control- 
ling circumstances.  In  -sdolation  of  this  obvious  principle,  it  has  been 
common  for  our  railroad  companies  to  pick  up  such  rails  as  could  be  had 
at  the  lowest  price,  when  the  purchase  could  be  postponed  no  longer, 
without  much  regard  to  form  or  adaptation,  and  with  no  knowledge,  and 
scarcely  a  thought,  of  the  quality.  It  would  be  just  as  wise  to  buy  a 
horse  on  the  same  princijile,  without  considering  whether  he  is  Avanted 
for  draft,  saddle  or  carriage,  or  whether  he  is  really  worth  #500,  or  not 
so  many  cents.  When  railroads  are  made  to  seU,  this  plan  seems  to 
answer  the  builders'  jiuii^ose,  whatever  may  be  said  of  its  honesty. 
Probably  #20,000,000  or  $30,000,000  a  year  are  wasted  in  this  country  by 
such  purchases,  and  many  lives  and  limb.s  sacrificed. 

Most  forms  of  rail  originated  with,  or  were  modified  by  the  rail 
makers,  who  naturally  adopted  forms  easiest  to  make,  rather  than  those 
of  gi-eatest  durability. 

Each  material  should  be  put  in  such  form  as  best  to  avoid  the  dangers 
to  which  that  material  is  subject.  This  will  be  considered  in  speaking 
of  patterns  of  rails.  As  material  and  manufacture  improve,  economical 
forms  can  be  adopted,  which  would  formerly  have  been  imi30ssible  in 
this  country,  or  at  least  inadmissible.  The  best  form  for  steel  or  good 
iron  could  not  have  been  used  with  iron  imperfectly  welded. 

The  first  point  we  are  to  consider  is  ' '  the  best  form  for  standard  rail 
sections  for  the  railroads  of  this  country."  The  form  should  be  adapted 
to  the  material,  to  the  fastenings  and  joints,  to  the  foundation,  to  the 
traffic  and  to  other  things,  some  of  which  we  shall  consider  as  Ave  go  on. 
The  form  should  be  such,  after  securing  a  reasonable  surplus  of  strength, 
that  where  there  is  most  wear,  there  should  be  most  metal  to  sustain  it. 
The  parts  Avhere  there  is  no  wear,  should  be  as  light  within  practical 
limits,  as  experience  has  shoAvn  to  be  safe. 

Experience  shows  that  all  the  wear,  on  a  reasonable  good  rail,  except 
in  some  A'icions  arrangements,  is  on  the  head,  and  the  force  of  the  blows 
given  by  passing  Avheels  is  expended  and  exhausted  nearly  all  on  the 
head.  As  much  of  the  metal  as  possible  should  lie  put  there,  Avhere  it  is 
most  wanted.  A  steel  or  good  iron  rail  with  good  foundations  and  fas- 
tenings and  splice -i,  and  the  weight  on  the  Avheels  properly  proportioned 
to  the  hardness  of  the  rail  top.  finally  becomes  unfit  for  service  only  by 
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Avetiriiig  (It)wn  tlie  top  ;  except  on  curves,  and  where  the  wheels  have  too 
much  or  too  little  play  between  the  rails,  l)v  abrasiou  of  the  flange  on  the 
running  side  of  the  head.  With  such  conditions  the  duration  of  the  rail 
is  ineasiired  by  the  amount  of  wear  the  head  can  endure,  or  the  sectional 
ai-ea  of  the  metal  that  can  be  worn  away  without  weakening  the  rail  too 
much — that  is  the  consumable  part  of  the  rail. 

The  head  should  be  broad  on  the  top  to  give  as  much  wearing  sur- 
face as  possible.  It  has  beeu  erroneously  supposed  that  it  does  no  good 
to  make  the  head  more  than  about  2\  inches  wide,  because  the  coning  of 
the  wheels  prevents  more  than  that  from  being  used.  But  an  examina- 
tion of  rail  surfaces  nearly  3  inches  wide,  shows  that  in  fact  they  are 
evenly  worn  all  over — forming  nearly  a  plane  surface  slightly  inclined 
downwards,  towards  the  running  side  ;  that  the  top  of  the  head  is  actually 
widened  by  the  spread  of  the  metal  on  the  outside,  and  that  the  part  so 
jjressed  out  is  also  run  upon  and  utilized.  Whatever  may  be  the  contour 
of  the  face  of  the  wheel  at  first,  it  wears  into  such  form  as  to  bear  all 
across  a  wide  rail. 

Not  only  is  the  amount  of  wearing  surface  in  a  broad  head  greater 
than  in  a  narrow  one,  but  a  square  inch  of  the  former  endures  more 
than  a  square  inch  of  the  latter.  The  area  of  contact  between  a  given 
^yheel  and  a  wide  surface  averages  greater  than  that  between  the  same 
wheel  and  a  narrow  one.  The  more  the  Aveight  is  diffused  and  the  less 
the  pressure  per  square  inch,  the  greater  the  tonnage  each  square  inch 
will  carry.  Injury  increases  faster  than  weight  on  a  given  sjiace;  after 
reaching  a  certain  point,  many  times  as  fast.  Proliably  100  tons,  with  a 
weight  of  12,000  j^ounds  on  a  wheel  would  injure  an  iron  rail  as  much  as 
many  thousands  of  tons  with  3,000  pounds  on  the  same  wheel.  This  will 
be  referred  to  again,  when  we  speak  of  the  relative  weights  of  load  and 
rail. 

So  a  liroad  head  gives  more  surface  for  adhesion  without  injury.  A 
rail  with  a  head  Ij  inches  wide  and  2i  deep  would,  with  very  light 
machinery,  last  longer  than  if  the  head  was  2h  inches  wide  and  1]  deep, 
but  with  machinery  as  it  is,  not  half  as  long. 

The  breadth  of  the  head  and  the  depth  necessary  for  strength  being  as- 
certained by  the  ordinary  calculation  for  beams,  and  by  experience  under 
actual  or  similar  circumstances,  the  additional  depth,  to  give  consumable 
metal  should  depend  on  the  amount  of  trafhc.  Sui^posing  the  rails  to  be 
steel  or  iron  that  will  only  give  way  by  wearing  out,  let  R  represent  the 
cost  per  mile  of  the  residuary  part  of  the  rail,  Cthe  cost  of  the  metal 
the  traffic  is  expected  to  consume  in  each  year,  L  the  loss,  including  in- 
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convenience  and  incidental  expenses  on  each  renewal,  besides  the  cost 
of  the  metal  to  replace  that  consumed,  T  the  interval  between  renewals, 
and  a  the  rate  of  accumulated  interest  for  that  time.  Then  c  T  will  be 
the  consumable  part  of  the  rail,  and 

K  +  '•  7"  +  :^-^  +  ^  -^'  =  V* ; 
a 

the  value  of  a  rail  that  will  last  forever  =  present  value  of  the  cost  of  the 

rails  and  their  renewals  forever,  trafftc  being  constant.       Of  course  T. 

which  determines  the  consximable  depth  of  head,  should  be  such  as  to 

make  the  above  value  T'  the  smallest  possible. 

Suppose  the  residuary  part  of  a  mile  of  steel  rails  costs  $7,000,  and 
its  rencAval  .1?4,000,  then  if  C^  S50per  annum,  7' should  be  about  30  years, 
so  that  c  T  =  1,500  ;  if  ('=  100,  7'should  be  about  20,  so  that  c  T=  1,800  ; 
if  C  =  200,  T  should  be  about  16  ;  if  C  =  400,  T  should  lie  about  14  ; 
if  (7=600,  T  should  be  about  12..;  if  C  =  800,  T  should  be  about  10, 
and  if  G  =  1,000,  T  should  be  about  8,  so  that  in  this  extreme  case  the 
consumable  part  of  the  head  should  cost  .^8,000,  or  more  than  all  the  rest 
together,  and  the  head  would  be  2*  inches  or  2  J  deep. 

In  forming  the  original  section  of  the  head,  some  regard  should  be 
had  to  the  form  given  to  it  by  its  subsequent  use.  But  if  a  small  addi- 
tion of  metal  will  prevent  it  from  wearing  down  to  the  ultimate  form  for 
a  long  time,  that  addition  should  be  given  instead  of  beginning  with  the 
partly  Avorn  form.  The  top  c(n-ners  of  the  head  should  not  be  much 
rounded,  for  that  diminishes  lioth  the  width  of  the  top  and  side  wearing- 
surfaces,  and  even  if  rounded  at  first,  it  becomes  nearly  angular  on  the 
outside  by  use. 

It  is  common  to  give  the  toj)  sectional  curvature  of  the  head  a  radius 
of  6  inches.  It  is  better  to  give  it  about  twice  that  radius,  for  in  a  short 
time  the  surface  ai^proximates  a  plane,  and  in  hammering  down  the  too 
great  central  convexity  a  permanent  strain  is  created  tending  to  split  the 
head.  This  too  great  convexity  also  tends  to  wear  a  groove  on  the  faces 
of  the  wheels. 

The  under  side  of  the  head  should  be  as  broad  as  possible,  so  as  to 
have  the  greatest  practicable  beaming  on  the  top  of  the  fi.sh-i^late.  Ex- 
perience shows  that  joints  often  work  by  the  indentation  of  the  under- 
side of  the  head,  and  the  battering  down  of  the  top  of  the  fish-plate, 
especially  when  the  latter  is  short,  and  so  the  rail  ends  are  bent  doAvn 
and  finally  destroyed.     This  indentation  is  often  imperceptible,  except 


*  For  the  principle  of  this  formula  see  a  paper  on  the  com'parative  economy  of  Steel  and 
Iron  rails  by  the  Chairman  of  the  Committee,  herewith  presented. 
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from  the  sound  uml  tremor.  Tlie  outer  coruerss  of  the  under  side  of  the 
head  should  theref;)re  not  he  rounded  as  usual,  but  sharp.  This  also 
gives  greater  wearing  surface  to  the  side  of  the  head.  There  is  no  ob- 
jection, except  in  looks,  to  a  .sharp  salient  edge,  as  there  would  be  if 
tljp  angle  were  reentering.  All  these  considerations  sliow  that  the  section 
of  the  head  should  approach  the  angular  form  instead  of  the  oval. 

The  under  side  of  the  head  and  the  top  of  the  base  near  the  stem 
should,  of  course,  be  absolutely  plane  surfaces,  so  that  the  fish-plate 
shall  tit  and  be  in  entire  contact,  its  Avhole  thickness,  both  when  new 
and  when  draAvn  nearer  the  stem  after  wear.  The  inclination  of  the  top 
of  the  base  and  bottom  of  the  head,  where  in  c;jntact  with  the  fish-])late, 
should  be  about  four  horizontal  to  one  vertical,  or  about  14-  from  hori- 
zontal. If  much  steeper  than  that,  even  if  considerably  flatter  than  the 
angle  of  friction,  the  fish-plate  has  a  tendency  to  work  outwards  Avith  the 
vibrations  (just  as  a  loose  object  works  down  an  almost  level  tremulous 
plane)  becomes  loose,  though  perhaps  not  perceptibly,  so  as  to  wear  the 
shoialders,  the  rail  begins  to  wear  and  to  suffer  strains,  and  it  weakens 
and  finally  breaks  the  bolts.  If  much  flatter,  it  weakens  the  head  and 
base,  and  does  not  allow  suiiicient  wedge  movement  to  tighten  up  when 
the  shoulders  wear. 

A  very  lai'ge  j)roportion  of  the  fish -joints  in  use  are  only  imperfectly 
successful,  because  the  shoulders  are  too  steep,  or  too  narrow  or  not 
plane  surfaces,  or  the  plates  are  too  short,  too  narrow  on  the  edges,  or 
of  too  soft  metal.     They  should  be  of  steel. 

The  short  and  therefore  inefficient  fish-plates  formerly  used  in  this 
country  followed  Enghsh  precedent.  With  their  i^lan  of  setting  the  rails 
on  chairs  the  joints  must,  of  course,  be  between  chairs,  and  the  ends  of 
the  rails  kept  from  bending  down,  only  by  the  fish-plates.  They  must, 
therefore,  be  very  short  or  they  would  bend.  There  is  no  such  reason  in 
our  case.  Their  plates  are  14  inches;  ours  should  be,  and  often  are, 
twice  that  length. 

Again,  in  England,  steel  fish-bars  are  condemned,  because  with  their 
steep  shoiilders,  short  plates,  rigid  rails,  and  great  strains,  the  steel  breaks, 
while  iron  bends.  There  are  no  such  severe  strains  in  our  joints.  The 
Chairman  of  the  Committee  has,  within  the  last  7  years,  used  probably 
over  100,000  steel  fish-plates,  and  so  far  as  he  can  hear  not  one  has  ever 
broken. 

The  pernicious  influence  of  the  rules  derived  from  the  experience  of 
one  country  on  the  practice  of  another,  when  the  circumstances  that  in- 
duced those  rules  do  not  exist,  is  strikingly  shown  by  these  examples. 
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From  such  cases  we  can  understand  how  engineers  and  managers,  whose 
professional  education  has  been  exclusively  or  mainly  European,  or  from 
European  books  of  practice,  labor  under  extreme  disadvantages  in  this 
country. 

It  would  be  well  to  make  the  fish-plate  longer  and  thinner  towards 
the  ends,  so  that  in  case  of  a  vertical  bend  of  the  line  of  rails  near  the 
joint,  an  angle  should  not  be  formed  at  the  end  of  the  plate,  but  a  vertical 
curve.  The  tops  and  bottoms  of  the  plate  should  retain  their  thick- 
nesses so  as  to  be  stiff  sidewise. 

Where  the  fish-plate  is  used,  the  angles  between  the  sides  of  the  stem 
and  the  under  side  of  the  head  and  the  top  of  the  base  are  necessarily 
sharper  than  seem  on  other  accounts  to  be  desiralile.  With  good  iron, 
and  especially  steel,  this  objection  is  very  small.  But  with  imperfectly 
welded  or  very  inferior  iron  the  objection  becomes  serious;  and  it  would 
perhaps  be  better  in  such  case  not  to  use  the  fish-plate,  but  to  fill  in  the 
reentering  angles  and  make  the  joint  fastening  at  the  base.  With 
worthless  iron,  good  forms  cannot  be  had. 

The  stem  has  generally  been  made  unnecessarily  thick.  Experience 
with  many  thousand  tons  under  a  heavy  traffic  during  the  last  8  years 
has  shown  that  a  thickness  of  one-half  inch  of  iron  and  seven-sixteenths 
of  steel  does  not  perceptibly  compress  nor  bend  sideways,  nor  with  a 
good  fish -joint,  or  any  other  good  joint,  give  out  in  any  other  way. 

The  stem  should  not  be  made  thick  for  the  folloAving  reasons  :  being 
near  the  neutral  axis  it  adds  little  to  the  strength  ;  it  wastes  material  and 
unnecessaril}-  increases  cost.  If  the  unnecessary  metal  in  the  stem  of 
till'  rail  in  diagTam  No.  17  had  been  put  into  the  head,  it  would  have  in- 
creased the  duration  33  per  cent.  It  is  more  difficult  to  put  poor  metal 
into  a  slender  stem.  It  sometimes  makes  the  rail  too  rigid  and  so  in- 
creases the  wear  of  the  head  and  the  liability  to  break.  With  a  given 
width  of  head,  the  thinner  the  stem,  the  wider  the  bearing  of  the  fish- 
plate under  the  head.  When  the  head  becomes  elongated  by  hammering 
and  crushing  its  surface,  a  thin  stem  yields  more  than  a  thick  one,  and 
so  does  not  transmit  so  great  a  longitudinal  strain  to  the  base. 

The  l)ase  should  be  broad  so  as  not  to  cut  into  the  cross  tie.  4  inches 
does  very  well  for  good  white  oak  ties,  covering  full  30  per  cent,  of  the 
gi'ound  under  the  rail  ;  lint  is  insufficient  with  chestnut  or  other  ties  of 
soft  wood  unless,  like  cypress,  it  is  very  elastic.  With  soft  wood  ties  on  a 
road  with  heavy  traffic  they  should  cover  40  per  cent,  of  the  ground 
under  the  rail,  or  the  base  should  be  4^  inches  wide,  or  even  more.  This 
width,  formerly  impossible,  or  very  difficult    without  great  thickness  or 


95 

permanent  strain  in  cooling,  can  now  be  attained  with  good  metal  with- 
out a  great  increase  of  weight.  One-eight  inch  thickness  at  the  edge  is 
sufficient  to  transmit  the  pressure  to  the  tie  without  risk  of  breaking. 
Great  breadth  of  base  has  been  advocated,  on  the  ground  that  it  in- 
creased the  metal  at  the  point  farthest  from  the  neutral  axis,  and  so  in- 
creased the  strength.  On  the  other  hand  it  has  been  denied  that  the 
outer  edge  increases  strength  at  all.  becaiise  it  curls  uj)  as  the  rail  bends. 
The  last  view  is  i^robably  right,  but  it  is  of  little  consequence,  compared 
with  other  considerations,  which  is  right.  The  most  imftortant  relations 
of  the  breadth  of  base  are  not  with  the  strength  of  the  rail,  or  with  its 
height,  but  with  the  amount  and  hardness  of  the  timber  under  it.  Ex- 
perience once  showed  that  rails  7  inches  high,  with  about  half  that 
l)readth  of  base  tlid  not  upset.  The  preponderance  of  weight  on  the 
running  side  of  the  head  is  more  than  enough  to  counterbalance  the 
centrifugal  force  on  curves.* 

The  base  should  be  thin,  because  when  the  consumable  part  of  a 
steel  or  good  iron  raU  is  nearly  worn  off,  at  which  time  the  (xuestion  of 
strength  becomes  prominent,  even  the  thinnest  base  is  heavier  than  the 
residuary  head.  Not  only  so,  but  part  of  what  is  left  of  the  head  being 
compressed,  the  other  part  is  i^ermanently  strained,  and  hence  is  liable 
to  break  over  a  tie.  Metal,  for  strength,  should,  therefore,  be  i^ut  into 
the  head  rather  than  the  base.  A  rail  generally  breaks,  not  from  weak- 
ness of  the  base  but  from  injury  to  the  head.  A  thin  base  saves  metal 
and  cost.  Only  good  metal  can  be  put  into  it.  It  prevents  too  great 
inflexibility.  It  is  notorious  that  very  rigid  rails  are  more  liable  to 
break  than  those  moderately  flexible.  Instead  of  conforming  to  the 
slight  irregularities  and  undulations  of  our  American  foundations,  a 
rigid  rail  can  neither  carry  the  weight  V)etween  points  so  far  apart  as 
those  it  is  liable  to  rest  upon,  nor  bend  down  to  some  intermediate 
sui^port. 

The  relative  weights  of  the  many  conflicting  considerations  in  favor  of 
high  and  of  low  rails  can  be  known  only  by  experience.  A  high  rail  is  more 
rigid,  and  therefore  the  head  wears  out  faster,  and,  under  some  circum- 
stances, the  rail  is  more  liable  to  break.  The  heads  of  the  rails  7  inches 
high,  already  referred  to,  did  not  wear  near  as  long  as  the  same  sized 
heads  on  lower  rails.  On  the  other  hand,  a  low  rail  does  not  give  suffi- 
cient width  to  the  fish-plate,  brings  the  flange  of  the  wheel  in  contact 
with  ice  and  dirt,  and,   if  very  low,   is  not  stiff'  enough.     Experience 

*  Mr.  Kobert  H.  bayre,  Chief  Engineer  of  the  Lehigh  Valley  K.  It.,  lius  atlopttd  a  palteiii 
shown  by  diagram  No.  6,  in  which  the  base  and  height  are  both  1,';.  inches. 
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seems  to  have  sanctioned  a  height  of  about  M  inches  for  rails  of  (>() 
pounds  weight  per  yard,  over  4  inches  for  those  between  50  and  (iO 
pounds,  and  3-J  inches  for  those  under  50  pounds.  Many,  who  once 
strongly  objected  to  these  heights  now  adopt  them. 

The  reasons  for  light  base  and  stem,  and  for  putting  all  the  metal 
possible  in  the  head,  suggest  the  question,  why  not  make  all  head  V  In 
other  words,  why  not  use  a  rail,  say  '2h  inches  square,  which  would  weigh 
about  63  pounds  to  the  yard?  Besides  the  inconveniences  of  so  low  a 
rail  and  the  greater  risk  of  poor  metal,  it  would  be  too  flexible,  if  not  at 
first,  certainly  when  partially  worn,  while  the  rail,  with  stem  and  base, 
would  be  stiff"  enougii  when  much  more  worn  ;  and  with  so  narrow  a 
bearing,  the  square  bar  would  cut  into  the  tie,  and  the  connections 
would  be  unsatisfactory. 

In  the  patterns  of  rails  hereinafter  recommtoidcd,  the  head  contains 
from  45  to  50  per  cent,  of  all  the  metal.  We  prefer  50  per  cent,  to  any- 
thing less,  except  for  a  road  but  httle  used.  On  such  a  road  the  rail 
must  be  nearly  as  strong  as  on  any  other,  but  wearing  endurance  is  not 
required. 

Experience  has  shown  that  the  thickness  commonly  adopted  for  stem 
and  base  is  from  one  to  three-sixteenths  inch  more  than  is  necessary, 
adding  a  nearly  useless  weight  of  about  8  per  cent,  to  the  weight  and 
cost  of  the  rail;  or,  perhaps,  $30,000,000  to  the  cost  of  the  rails  now 
laid  in  this  country. 

As  rails  often  break  from  punching  the  stems  and  .slotting  tne  bases, 
and  the  fracture  begins  in  those  parts,  we  may  fairly  l)e  asked,  if  this 
danger  would  not  be  diminished  by  making  them  heavier.  Doubt- 
less it  woidd  ;  but  that  would  be  a  very  expensive  way  of  diminishing 
the  danger,  while  it  can  easily  and  cheaply  be  i:)revented  by  projjer 
fishing  with  a  long  stiff'  fi.sh-plate  extending  far  past  the  last 'hole  in 
the  direction  of  the  middle  of  the  rail,  with  broad  plane  surfaces  of 
contact  between  rail  and  plate,  with  flat  slopes  of  shoulders,  in  which 
case  the  bolts  and  nuts  do  not  work  loose,  the  plate  bears  the  head  and 
the  weight  on  it,  and  carries  it  to  a  distance  from  the  ends  of  the  rail,  and 
the  rest  of  the  rail,  near  the  end,  has  nothing  to  do.  With  other  than 
fish-joints,  we  admit,  there  is  some  force  in  this  objection. 

Bolt  holes  should  be  drilled,  not  punched,  through  the  stem.  The 
l»ase  should  not  be  notched  at  all,  but  the  rail  held  from  traveling 
longitudinally  by  straps  connecting  fish-bolts  and  ties. 

The  Committee,  as  now  advised,  is  of  opinion  that  the  patterns 
shown  in  the  plates   annexed,  Nos.  1  and  2  for  iron,  3  for  steel,  and  4  for 
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either  tirst-rate  iron  or  steel,  the  weights  Ixiug  respectively  ()2,  50,  53 
iunl  5ti  pounds  to  the  yard,  all  formed  according  to  the  foregoing  jjriu- 
ciples,  are  substantially  of  the  right  form  and  proportions,  unless  the 
miichiuery  is  extravagantly  heavy.  Many  thousands  of  tons  of  the  1st, 
•2d  aud  4tli  of  these  patterns,  and  many  hundred  of  the  3d,  have  stood 
the  test  of  several  years'  experience  under  a  heavy  traffic,  especially  on 
the  ditterent  roads  between  Baltimore  and  New  York.  The  corners,  at 
th:'  liottom  and  outside  of  the  head,  should  not  l^e  so  much  as  in  the  first 
four  of  these  patterns,  but  the  sides  and  bottom  of  the  head  should  be 
brought  very  nearly  to  a  sharp  edge,  as  represented  by  the  dotted  hues. 
This  would  give  greater  wearing  surface  on  the  sides  of  the  head, 
and  greater  bearing  surface  for  the  fish-plate,  and  would  not  increase 
the  weight  one-fourth  of  a  pound  per  yard,  or  less  than  0.4  ton  -pev 
mile.  * 

Mr.  O.  Chamite,  Chief  Engineer,  Erie  Railway,  and  member  of  the 
committee,  projjoses  to  adopt  the  form  No.  5  for  the  Erie  Railway. 
The  Committee  cannot  see  any  definite  relation  between  the  proper 
weight  of  a  rail  aud  the  weight  of  a  wheel  rolling  over  it.  Of  course  the 
rail,  both  when  new  and  when  fully  Avorn,  must  be  strong  enough  to  carry 
the  Aveight  between  the  most  distant  actual  sui^ports,  and  to  distribute 
that  Aveight  among  adjacent  supports.  As  this  depends  on  the  residual 
part  of  the  rail,  there  is,  within  certain  limits,  a  sort  of  rule  of  thumb  re- 
lation between  the  weight  of  that  part  and  the  Aveight  on  a  wheel.  But  if 
patterns  or  materials  differ  widely,  even  that  relation  fails.  That  most 
important  to  consider  is,  betAveen  the  Aveight  on  a  Avheel  and  the  hard- 
ness, elasticity  and  breadth  of  the  metal  in  the  head.  The  proper  rela- 
tion of  the  consumable  part  of  the  rail  is  not  with  the  weight  on  a  wheel, 
but  Avith  the  amount  and  mode  of  the  traffic.  The  relations  of  breadth 
of  base  are  Avith  Aveight  on  rail  and  amount  and  hardness  of  timber 
under  it. 

As  the  Aveights  of  dift'erent  parts  of  tlie  rail  should  be  adapted  to 
different  purposes,  and  so  folloAv  different  rules,  the  parts  should  not  be 
increased  proportionably,  but  each  according  to  the  duty  it  is  to  per- 
form. Nearly  as  strong  a  rail  is  required  for  a  light  as  for  a  heavy  traffic, 
with  the  same  machinery,  but  it  would  be  folly  to  put  on  as  heavy  a  head 


*  For  some  particulars  of  experience  with  rails  of  the  first  four  of  these  patterns,  the  Com- 
mittee refers  to  the  annexed  Memoir  contributed  by  their  Chairman. 

Mr.  Sayre  has  slightly  beveled  the  upper  part  of  the  head  in  the  rail  shown  in  No.  6.  This 
makes  weight  aud  cost  about  one  per  cent,  less  than  if  the  sides  were  carried  vertically  nii, 
and  consumable  area,  and  therefore  end>iranoe,  three  per  cent.  less.  His  object  is  to  save  the 
ilang.s  of  the  wheels.     The  Committee  is  npt  prepared  to  give  an  opinion  on  this  feature. 
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for  a  light  trathi'  roail  as  (ov  a  hoa\\v  trattu-.  A  poor  rail  givi>s  out  bv 
c'omiug  to  pieces,  a  good  one  In'  wearing  ilowii  tlie  head  ;  neither  is 
eiired  by  general  inereaj?;e  of  weight.  If  our  ties  Avere  jilways  sound  and 
solid  juid  their  surfaces  in  the  same  jilaue,  the  Ughtest  rails  in  common 
Tise  would  be  sufficient  for  strength  and  stillness.  But  this  is  not  always 
the  condition,  and  the  frost  makes  it  worse  by  lieaA-iug  the  road-bed 
unequally. 

Supposing  the  actual  supi>orts  to  be  5  feet  apaa't  or  under,  the  rails 
represented  in  the  diagrams  are  sufficient  to  c^irry  the  loiuls.  According 
to  more  than  100  trials,  made  under  the  direi'tioii  of  the  Chairman  of 
the  Committee  several  years  ago.  with  rails  on  supports  1")  feet  apart,  the 
detlections  of  these  rails  were  as  follows:  of  the  (V2  pounds  iron  rail,  1.25 
inches,  with  -1.400  pounds  centre  load  ;  of  the  50  pounds  iron  rail.  1.57 
inches,  with  o.otK)  pounds,  and  of  the  steel.  slu>wn  by  diagram  Xo.  i.  lAi 
inches,  Anth  3,800  pounds.  The  calculated  elongation  of  the  bottom 
film  of  the  rail  was  in  each  case  one  fourteen-hundredth.  In  every 
instance  the  detlections  continueil  to  increase  in  proportion  to  the 
weights  beyond  those  here  given.  The  great  distance  between  supports, 
of  course,  caused  the  t^nsts  and  unsteadiness  and  lateral  bends  of  the  rail 
to  show  a  woi-se  result  than  if  the  sui>ports  had  been  nearer  together. 
With  actual  supports,  5  feet  apart,  the  rails  should  safely  bear  centre 
loads  as  follows:  the  02  pounds  rail,  18,200  pounds.  Tvith  deflection  of 
0.14  inches;  the  50  pounds  rail,  10,51X1  pounds,  Avith  deflection  of  0.17 
inches,  and  the  50  pound  steel  rail.  11.400  pounds,  with  deflection  of 
0.10  inches.  Occasional  weights  much  heavier  could  be  carried  without 
sensible  injury.  For  the  partially  worn  rails,  the  stift'ness  being  less,  the 
tlistance  between  actual  supports  would  in  most  cases  be  diminished  by 
enabling  the  rail  to  bend  down  to  an  intermetliate  support.  But  a  more 
important  CNidence  that  these  rjiils  are  strong  enough  is,  that  after  a 
heaw  traffic  for  several  years  they  do  not  In-eak,  whethe'r  new  or  with 
the  head  fully  worn.  As  the  actual  bearings  and  other  data  for  an 
imperfect  or  frost-heaved  track  juv  imknown.  not  calculation,  but 
experince  must  decide  what  strength  is  sufficient. 

Our  rails  do  not  give  out  from  want  of  strength,  but  from  injury  to 
the  head,  not  always  perceptible  to  the  eye.  After  a  certain  amount  of 
such  injury,  additional  strength  postpones  but  does  not  prevent  the 
destruction  oi  the  rail.  It  is  better  to  juvvent  destruction  by  a  little 
more,  and  especially  by  a  little  lietter  metal  in  the  head,  than  merely 
to  postpt>ne  it  by  much  more  metal  below  the  head. 

Tlie  really  imp:ntant  in  pilry  is,    what  is  the  relation  between  the 
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size  and  elasticity  of,  and  tliu  weight  on  a  wlieel,  and  tin;  widtli,  liardnf;ss 
and  (ilasticity  of  the  top  of  the  rail. 

Exj)onme,nts  made  by  Mr.  (Mianute  sliow  that  ;i  newly  turned 
ilriving  wlicel,  5  feet  in  diameter,  l>ears  ui)Oii  a  I'ail  snrfa<-<-  only  ahout 
onci-foiuth  ,s([uare  inch.  If,  therefore,  the  weight  on  sii(;h  a  wheel  i« 
10,000  prjund.s,  the  static-  pressure  on  the  rail  surface  in  contact  with  it  is 
about  40,000  i)oniiils  per  scjuare  inch,  and  tin-  dynamic  pressure  is  .still 
more.  If  tlu^  metal  is  so  soft  as  to  crush  uiider  this  weight,  as  most 
wrought-iron  does,  the  top  of  the  rail  must  not  only  he  disintegi'ated  so 
as  to  lie  easily  wiped  oft'  by  abrasion,  V)ut  it  must  be  expanded  and 
elongattid,  a  permanent  longitudinal  strain  must  take  i)lace,  tending  to 
tear  apart  the  lower  part  of  the  head  and  all  below  it,  and  if  it  is  not 
soon  worn  out,  ultimate  breakage  must  ensue.  Increase  in  weight,  at 
best  only  postpones  this  l)reakage  for  a  short  time.  Many  rail  tops  are 
actually  elongated  one-fourth  inch. 

As  the  crushing  and  consetpient  expansion  of  the  metal  ext^^nds  but 
a  short  distance  below  the  siu'face,  any  additional  metal  put  in  to 
countta-act  the  strain  should  be  jjut,  not  into  all  parts  of  the  rail  pro- 
jjortionably,  Ijut  into  the  head,  where  it  answers  other  important  pur- 
poses. 

A  weight  of  5,000  pounds,  on  a  wheel  30  inches  in  diameter,  probably 
causes  very  much  more  than  half  the  pressure  per  square  inch  that  is 
caused  by  10,000  j^ounds  on  a  5-foot  wheel.  And  the  same  weight  on. 
the  same  sized  wheel,  with,  the  wheel  or  rail  or  both  highly  elastic,  gives 
much  greater  surface  of  contact,  and  therefore  less  pres.sure  per  square 
inch,  than  if  V)oth  were  inelastic. 

When  the  weight  on  a  square  inch  area  of  rail  surface  reaches  a 
certain  i:)oint,  a  small  addition  to  it  increases  the  damage  many-fold. 
Increase  of  Avidth  of  head  tends  somewhat  to  remedy  this  ;  but  a 
general  increase  in  proportion  to  the  weight  of  the  wheel  would  do 
very  little  good.  We,  therefore,  consider  that  no  rules  fixing  the 
relative  weights  of  load  and  rail  should  be  adopted,  except  within  very 
moderate  limits  for  rails  of  the  same  pattern,  kind  and  quality.  This 
would  be  so  local  and  limited  as  to  be  of  no  general  use.  As  an  increase 
of  weight  in  the  stem  and  base  may  cause  too  great  rigidity,  and  thus 
diminish  endurance  both  Ijy  increasing  wear  and  fracture,  any  such  rule 
is  liable  to  be  not  merely  useless  but§mischievous. 

The  Committee  is,  as  yet,  unprepared  to  go  into  detail  on  the  manu- 
facture of  rails.  We  remark  that  the  mainifacture  has  so  improved  in 
this  country,  thiit   patterns  formerly   inadmissible   on   account   of  the 


100 

diflSculty  of  rolling  and  I'isk  of  defects,  and  difficulties  in  eooliny,  are 
now  readily  produced. 

A  few  general  principles,  already  familiar,  may  l)e  Iniefiy  enumerated. 
The  to})  surface  sliotdd  be  very  hard,  and  if  possible  elastic,  and  made 
of  such  materials  and  in  such  manner  as  to  be  uniform,  esj^ecially  where 
heavy  machinery  is  used  ;  the  base  should  be  of  strong  and,  if  possible, 
slightly  ductile  metal,  the  cooling  and  straightening  so  managed  as  to 
cause  no  permanent  strain  of  one  part  of  the  rail  against  another.  A 
judicious  increase  of  10  or  15  per  cent,  to  the  cost  of  ordinary  rails 
would  double  their  value.  But  this,  rail  purchasers  Avill  not  often  pay, 
and  rail  makers  have  no  encouragement  to  put  on  the  additional 
work. 

For  testing  rails,  the  di'op  and  the  dead  weight  have  often  been  used 
too  exclusively.  They  test  the  rail  only  as  a  beam,  and  the  metal  only 
as  to  brittleness  and  strength.  In  England,  where  strength  is  the  con- 
trolling consideration  and  when  the  rails  are  double-headed,  the  drop 
may  be  the  best  test.  But  here,  where  rails  do  not  give  out  from  weak- 
ness but  from  wear,  and  where  a  certain  amount  of  flexibility  is  condu- 
cive to  the  longevity  of  the  rail,  and  whei'e  there  is  only  one  head,  it  is 
not  a  sufficient  guide,  except  in  comparing  different  rails  of  the  same 
kind  and  pattern.  A  rail  of  light  head  and  heavy  base  will  give  the  best 
test  with  the  drojj,  but  it  will  not  last  so  long  as  a  rail  with  heavy  head 
and  light  base.  The  5()  pounds  steel  rail,  diagram  No.  4,  is  not  so  strong 
or  stift"  as  the  62  pounds  iron  rail,  diagram  No.  1,  and  will  not  give  so 
good  results  with  the  drop,  but  it  will  last  10  times  as  long.  Of  course, 
we  would  not  reject  it  as  one  of  many  tests.  Reported  tests  commonly 
give  us  permanent  set.  What  we  really  want  to  know  is  not  the  amount 
of  set,  some  weight  or  blow  gives,  but  hoAv  great  the  weight  or  blow 
can  be,  without  any  set  at  all. 

Many  j'ears  ago,  the  Chairman  of  the  Committee  adojited  the  test  of 
hammering  the  lail  to  destruction.  Perhaps  40,000  tons  Avere  tested  (by 
specimens  taken  at  random)  in  this  way  ;  and  the  experience  is,  that  the 
number  of  blows  on  any  kind  and  pattern  of  rail  very  closely  measuits 
the  lifetime  of  that  rail  as  compared  with  others  of  the  same  kind.  It 
fully  discloses  the  defects  of  the  rail,  as  brittleness,  softness,  bad  weld- 
ing, lamination,  <fec.  This,  however,  does  not  give  the  relative  endurance 
of  iron  and  steel,  as  it  probably  A\^uld  if  each  was  destroyed  only  by 
honest  Avear.  Steel  lasts  many  times  as  long  as  iron,  not  only  because 
harder,  stronger,  more  elastic  and  homogenous,  not  coming  to  j^ieces, 
but,  perhaps,  mainly  because  as  yet  the  weight  on  its  surface  is  not  great 
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enough  to  crash  it ;  whereas  the  weight  on  the  same  surface  of  iron  being 
too  great  for  the  material,  crashes  and  destroys  the  fibre. 

As  most  tests  are  related  to  the  mode  of  manufacture,  it  is  best  to 
defer  their  consideration  till  the  manufacture  is  considered.  We  only 
remark  that  tlie  "  diirometer  "  is  advantageously  used  to  test  the  hard- 
ness. Iron  rails  give  out  very  often  from  unequal  hardness  in  the  head, 
which  makes  it  wear  down  in  spots.  This  instrument  can  ba  used  to  de- 
tect any  such  inequality. 

"The  endurance  of  rails  "  is  so  dependent  on  their  kind,  quality  and 
form,  and  their  foundations  and  splicing,  and  on  the  grades,  curves,  (fee., 
of  the  road,  and  on  the  speed  of  the  trains,  and  size  and  weight  on 
wheels,  no  definite  average  numerical  results  can  be  given  without  a 
much  fuller  response  from  the  different  railroads  than  we  have  yet  ob- 
tained. "We  shall  hereafter  give  some  particular  results  of  experience  on 
this  point.  The  duration  of  a  rail  is  as  indefinite  as  the  value  of  a  horse 
or  the  size  of  a  piece  of  chalk.  Some  of  the  early  rails  were  in  use  25 
or  30  years,  while  new  and  larger  rails  laid  in  the  same  track  during  part 
of  the  same  time,  gave  way  in  2  or  3  years.  Perhaps  the  light  hammer- 
ing of  eai'ly  times  actually  increased  their  endurance.  "With  heavy 
machinery  and  high  speeds  a  rail  might  carry  1,000,000  tons  ;  with  very 
light  machinery  and  moderate  speeds  the  .same  rail  might  carry  10,000,000 
or  20,000,000  tons. 

Of  course  the  means  of  increasing  endurance  besides  increasing  the 
sectional  area  of  the  consiimable  part  of  the  rail,  are  better  metal,  good 
road-beds,  moderate  speeds  and  moderate  weights.  As  other  than  en- 
gineering considerations  often  control  the  weights  of  machinery,  the 
present  excessive  weights  must  be  accepted  as  fixed. 

One  obWous  remedy,  though  only  partial,  is  to  increase  the  width  of 
the  top  of  the  rail,  so  that  the  surface  of  contact  of  each  wheel  being 
greater,  the  pressure  per  square  inch  shall  be  less.  If  the  weight  on  a 
driving  wheel  is  10,000  pounds,  and  its  area  of  contact  with  a  rail  head 
2.1  inches  wide,  is  one-fourth  square  inch,  the  pressure  will  be  at  the  rate 
of  40,000  pounds  per  square  inch.  But  if  by  increasing  the  width  to  2.8 
inches  the  area  of  contact  is  increased  to  one-third  square  inch,  the  pres- 
sure will  be  only  30,000  pounds  per  square  inch.  The  damage  done  to 
the  rail  in  the  former  case  must  be  many  times  as  much  as  in  the  latter. 

Another  obvious  means  of  promoting  endurance  is  to  ballast  the  road 
with  stone  broken  very  much  smaller  than  is  customary  in  this  country, 
and  cover  30  per  cent,  or  more  of  the  span  with  ties  about  7  inches  thick, 
and  not  less  than  8  feet  long.     The  length  of  ties  does  not  depend  m:iinly 
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on  gauge,  but  on  weight  unil  bed.  In  .some  soils  9  feet  lengths  are  re- 
quired not  to  slide.  Good  ballast,  in  most  situations,  can  be  jjut  on  for 
one  track  for  .1?'2,000  per  mile.  If  the  rails  will  last  4  years  with  jjoor 
baUast,  they  will  probably  last  5 — with  good.  Expetience  has  sometimes 
shown  much  more  than  that  difference.*  If  the  cost  and  inconvenience 
of  a  renewal  is  $4,000,  the  present  value  of  renewals  each  4  years  forever 

iSn  o*^^  ='*12,B20,  and  each  5  years,  ^M  =  ^9,732  ;  (with  monev  a+  7 
il.oit  0.411 

per  cent.)  The  difference,  •|;2,888,  is  nearly  50  per  cent,  more  than  the 
cost  of  ballast.  Besides,  the  maintenance  of  the  road-bed  so  liallasted  is 
next  to  nothing,  while  that  of  the  unballasted  or  l)ailly  ballasted  is  very 
considerable. 

The  last  point  on  which  we  are  called  upon  to  to  report  is  "the 
breakage  of  rails."  We  shall  not  dwell  on  such  Avell  known  causes  as 
ties  too  far  apart,  rotten  or  uneven,  want  of  good  ballast,  road-bed  yield- 
ing unequally  under  the  weight,  depressions  on  the  top  of  the  rail, 
especially  at  the  ends,  lateral  angles  at  the  joints,  or  sharp  curves  ap- 
Ijroximating  angles,  punching,  slotting  and  bad  joints,  nor  shall  we  refer 
to  obsolete  appliances,  such  as  chairs,  &c.  Nor  shall  we  do  more  than 
refer  to  the  too  great  rigidity  of  rail  by  which,  as  before  pointed  out, 
their  liability  to  break  is  increased. 

We  call  attention  again  to  the  elongation  of  the  top  of  the  rail  by  too 
great  weight  on  a  wheel  in  proportion  to  the  bearing  surface,  and  the 
hardness  of  the  metal,  l)y  which  a  permanent  strain  is  created  on  the  rest 
of  the  rail,  x^erliaps  gradually  snapping  the  extended  fibres  or  somehow- 
weakening  the  metal,  resulting  in  ultimate  fracture.  We  also  repeat  that 
this  is  partially  remedied  by  greater  width  of  the  top  of  the  rail. 

But  why  do  rails  break  in  winter  especially  ? 

1st.  Because  the  material  is,  as  most  of  the  Committee  think  has  been 
proved,  really  more  lirittle  in  very  cold  weather.  According  to  experi- 
ments reported  by  Sandberg,  specimens  requiring  a  drojs  to  fall  39  feet 
to  break  them,  with  the  thermometer  at  84^,  were  broken  with  the  same 
drop  falling  11  feet,  with  the  thermometer  at  10-.  Different  kinds  of 
iron  and  steel  vary  very  much  in  this  respect.  Steel,  though  more  elastic, 
does  not  wire-draAv  like  iron.      Iron  does  not  wire-draw  so  much  when 


*  Mauy  years  ago  the  Chairmau  of  the  Committee  ballasted  a  mile  as  follows:  the  loam  at 
svibgrade  was  rolled  and  leveled  till  eveu  slightly  rounded  and  uniformly  hard,  then  a  tliiu 
stratum  of  tine  gravel  put  ou  to  prevent  the  loam  from  rising  between  the  broken  stones,  then 
a  stratum  of  ordinary  ballast  (i  inches  thick,  then  very  fine  ballast  9  incbes  thick,  in  two  courses. 
Each  stratum  and  ci'urse  was  thoi'oughly  rolled  before  the  next  v.-as  put  ou.  For  10  years  it  is 
not  supposed  a  dollar  was  spent  on  this  mile,  except  to  watch  it.  Kails  and  ties  are  supposed 
to  have  lasted  40  per  cent,  longer  than  in  other  places. 
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fold.  But  it  may  be  questioneil  whether  the  Umit  of  elasticity  iu  irou  or 
steel  is  lowered  by  eokl.  If  it  is  not,  then  cold  alone  would  not  endan- 
ger the  rail,  but  inordinate  strain  must  be  an  essential  condition  of  frac- 
ture. 

2d.  The  road-bed  heaves  irregularly,  causing  the  rail  to  bear  on  few 
points  far  apart. 

3d.  The  road-bed  being  frozen  hard  becomes  inelastic;  and  also  high 
pouts  are  not  lowered  to  the  level  of  other  supports  by  the  weight. 

4th.  The  top  of  the  head  being  elongated,  and  a  permanent  longitu- 
dinal strain  thus  created  cooperates  with  the  other  causes  in  producing 
fracture. 

5th.  Insufficient  allowance  for  contraction  by  cold  may  cause  a  longi- 
tudinal tension  acting  against  the  fish-bolts. 

From  a  report  on  this  subject  by  Mr.  Chanute,  it  appears  that  on  a 
Western  raih'oad  there  had  been  no  breakage  for  10  years  after  the  rails 
Avere  laid,  then  200  or  300  in  one  winter,  and  then  oyer  5,000  the  next 
winter,  showing  that  by  use  the  rails  became  more  breakable. 

Our  last  duty  is  to  give  our  views  of  the  comparative  value  of  steel 
and  ircjn  rails.  \Miile  steel  rails  as  we  get  them  are  tolerably  uniform  in 
quality,  iron  varies  so  much  that  no  comparison  can  be  made  except 
of  particular  qualities  or  of  averages  of  qualities  widely  different.  We 
can  as  yet  do  little  more  than  give  the  results  of  our  own  experience. 
In  so  doing  we  shall  not  only  compare  steel  and  iron,  but  also  the  effects 
of  some  different  circumstances  on  the  duration  of  both. 

It  seems  probable  that  the  best  irou,  if  homogeneous  and  the  head  of 
uniform  hardness,  so  as  to  wear  off  evenly  like  steel,  would,  with 
machinery  of  moderate  weight,  wear  a  third  or  even  half  as  long  as  steel. 
The  Chairman  has  found  that  his  62  pounds  iron  rail  after  carrying  about 
14, 000,000  tons  gross  load,  has  worn  off  only  about  25  per  cent,  more  than 
the  steel  rails  on  the  same  track  and  under  the  same  circumstances. 
Probably  it  will  not  wear  so  w-ell  when  the  top  crust  is  worn  through. 
But  owing  to  want  of  homogeueousness  and  uniformity  the  irou 
scales,  splinters,  laminates  or  somehow  disintegrates  or  mashes  in  spots 
before  it  wears  out. 

In  1864  some  steel  rails  were  laid  down  at  Wetherly,  on  what  is  now 
part  of  the  Lehigh  Valley  R.  R.,  on  a  steep  grade  whex'e  there  is  con- 
stant drilling  twelve  or  fifteen  hours  a  day.  A  section  of  the  only  rail  yet 
taken  out  after  nine  years  and  seven  months  wear  is  shown  in  diagram  No. 
17 — the  dotted  line  representing  the  probable  original  top.  If  that  was  the 
top,  the  head  is  worn  down  three-tenths  inch,  and  9.30  i)ounds  of  metal 
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per  yixrd  worn  off  by  what  is  supposed  to  be  equivnlent  to  40,000,000  tons 
freight  or  100,000,000  tons  gross  load.  The  other  rails  are  exjiected  to 
last  two  years  longer  (in  all  twelve),  and  so  to  carry  the  equivalent  of 
about  50,000,000  tons  freight  or  125,000,000  tons  gross  load.  If  the  stem 
had  been  thinner  the  wear  would  probably  have  been  less.  Iron  rails  in 
the  same  situation  averaged  four  mouths,  so  that  the  steel  seems  to  be 
thirty-six  times  as  durable  as  the  iron. 

The  62  pounds  iron  rails  before  mentioned  may  carry  12,000,000 
tons  of  coal  with  the  slow  speeds  of  the  Belvidere  R.  R.  Rails  in  other 
places  of  fair  ordinary  quality  carry  from  2,500,000  to  0,000,000  tons 
freight,  or  4,000,000  to  15,000,000  tons  gross  load,  according  to  weights, 
speeds,  grades  and  other  circumstances. 

A  steel  rail  may  last  five  or  ten  times  as  long  as  really  good  iron  rails, 
fifteen  or  twenty  times  as  long  as  those  that  pass  for  good  rails,  thirty  or 
forty  times  as  long  as  the  common  run,  and  fifty  or  even  one  hundred 
times  as  long  a*  many  rails  made  ten  years  ago,  or  since  imported  from^ 
the  cinder  heaps  of  Great  Britain. 

From  observations  made  under  the  direction  of  the  Cliairman,  of 
which  diagrams  Xo.  6  to  10  are  specimens  for  steel,  and  No.  18  to  28  for 
iron,  it  appears  that  1,000,000  tons  of  freight  or  its  eciuivalent,  equal  to 
2,500,000  tons  gross  load,  have  worn  off"  the  steel  from  0.14  to  0.62  pounds 
per  yard,  averaging  0.80  =  0.47  tons  per  mile,  and  have  Avorn  off  the 
iron  from  the  62  pounds  rail  rolled  at  Bethlehem  from  0.27  to  0.69  pounds 
jjer  yard,  averaging  0.38  =  about  0.6  ton  per  mile.  The  rails  have  been 
laid  from  four  to  seven  years,  most  of  them  six  years.  It  wiU  be  seen 
from  the  diagrams  that  in  most  cases  the  head  is  worn  off  as  much  on  the 
side  as  on  the  top,  even  on  sti'aight  lines.  This  is  owing  in  part  to  the 
gauge  of  foreign  cars  being  two  inches  narrower  than  the  road. 

If  the  heads  of  these  steel  rails  can  be  safely  worn  down  one  half  inch, 
and  one-fourth  inch  from  each  side,  those  on  straight  lines  and  under 
other  favorable  circumstances  ought  to  carry  100,000,000  tons  of  freight, 
those  on  the  worst  curves  16,000,000,  the  average  being  50,000,000,  ecpial 
to  125,000,000  tons  gross  load.  But  for  the  difference  in  gauge  between 
the  cars  and  the  road,  the  endurance  would  probably  be  much  greater. 
On  straight  lines,  the  wear  on  the  top  seems  to  be  only  one-hundredth 
inch  for  125,000,000  tons  of  freight,  which  should  require  62,000,000  tons 
to  wear  the  head  down  one-half  inch. 

Probably  steel  rails  can  at  the  present  moment  be  purchased  for 
#9,000  per  mile,  which  last  ten  times  as  long  as  the  best  iron  that  can  be 
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had  for  .Sf),00(l  i)er  mile.  The  eommevciiil  vahxe  of  the  iron  (nieasiiretl 
bj  iJrice)  will  then  he  two-thirds  that  of  the  steel,  its  intrinsic  valne  or 
capacity  for  usefulness  (measured  by  endurance),  one-tenth  that  of  steel; 
its  economic  value  will  depend  on  combined  capatdty  and  opportunity 
for  usefulness  (measured  by  endurance  and  traffic),  and  the  interest 
chargeable  against  it. 

Let  /represent  the  c-ost  of  the  iron  =  CAM),  S  that  of  the  steel  =  9000, 
L  the  loss  on  each  renewal  of  the  iron,  say  4000;  L'  the  loss  on  each 
renewal  of  the  steel,  say  5000.  Let  a  be  the  rate  of  accumulated  interest 
(at  7  per  cent.)  for  the  interval  between  the  renewals  of  the  iron,  and  a^ 
that  for  the  intervals  between  the  steel.  Then  to  make  the  iron  and 
steel  equally  Economical, 

L  L' 

I  4-  -     -  should   eoual    S  -]-  — r' 

If  iron  will  last  10  years  under  the  traffic  on  the  road  to  be  provided  for, 

and  steel  100  years,  then  the  cost  of  iron  and  its  peri^etuation  will  be 

4000  5000 

0000  +    ^  j^,^  ==  10041  ;   of  steel,  9000  +  ^^-^  g  =  9005,   and  the  present 

value  of  the  difference  in  favor  of  steel  will  be  1036.     At  12  years  it 

is  nearly  equal,  over  12  years  iron  is  most  economical,  while  under  12, 

steel  is. 

But  it  may  be  economical  to  use  iron  temporarily,  while  traffic  is 

light,  and  replace  with  steel  when  traffic  becomes  heavy.      Under  no 

circumstances  can  it  be  economy  to  use  a  very  heavy  iron  rail  (say  80 

pounds  to  the  yard),  for  a  light  steel  rail  would  cost  less  and  last  longer. 

It  makes  little  difference  whether  a  steel  rail  will  last  one-half  centuiy 

or  forever.       The  present  Aalue  of  renewals  every  50  years  forever  is 

5000 
only  o^  It)  =  IG^y,  or  less  than  2  per  cent,  on  the  cost  of  the  rails. 

The  members  of  the  Committee  have  endeavored  to  dissect  the 
subjects  referred  to  tliem,  and  present  the  points  sex^arate^ly,  so  that 
members  of  the  Society  and  others  may  give  facts  or  opinions  on  points 
within  their  observation,  before  the  Committee  is  called  upon  for  a 
final  report. 


A   MEMOFK   ON  RAILS.* 

By  AsHBEL  Welch,  C.  E.,  Member  of  the  Society. 

Read  June  10,  1874. 


During  the  yeur  1865  the  task  presented  itself  to  me  of  devising  or 
selecting  suitable  forms  of  rails  for  the  system  of  railroads  occupying  the 
central  part  of  the  State  of  New  Jersey,  between  Philadelphia  and  Ni'W 
York,  of  which  I  was  the  executive  officer  as  well  as  the  engineer.  I  pro- 
posed to  use  three  classes  of  iron  rails,  one  for  main  lines  with  heavy  traf- 
fic, one  for  branches  with  light  traffic,  and  one  for  sidings  but  little  nsed, 
and  one  class  of  steel  rails,  of  course,  for  main  lines.  The  result  of  the 
consideration  then  given  to  the  subject  was  the  adoption  of  principles  by 
which  the  forms  of  rails  shoiild  be  determined,  nearly  identical  with  those 
set  forth  in  the  Report  to  which  this  Memoir  is  appended,  and  patterns 
were  adopted  conformable  thereto. 

A  62  pounds  iron  rail  pattern  was  adopted  in  1865,  afterA\'ards  slightly 
modified  by  less  rounding  of  the  corners  of  the  head.  This  pattern,  so 
modified,  is  shown  in  the  annexed  diagram  No.  1,  height  4i  inches, 
base  4  inches,  stem  j-inch  thick,  radius  of  sectional  curvature  of 
top  12  inches,  inclination  of  bearing  surfaces  for  both  bottom  and 
top  of  the  fish-plate,  14°.  Many  thousand  tons  of  rails  of  this  pattern, 
roUed  principally  by  the  Bethlehem  Iron  Co. ,  were  nsed  under  my  own 
direction,  and,  so  far  as  I  can  learn,  no  American  rails  have  endured  better 
most  not  so  well.  Diagrams  Nos.  18,  Id,  20,  21,  22,  23,  24  and  25,  show 
how  they  are  worn  in  6  years,  carrying  6,000,000  tons  freight,  or  15,000,000 
tons  gross  load.  After  an  experience  of  8  or  9  years  with  such  rails,  under 
a  heavy  traffic,  with  heavy  machinery  and  high  speeds,  after  much  en- 
quiry, I  have  not  been  able  to  find  that  the  half-iuch  stem  has  ever  com- 
pressed or  bent  sideways,  or  the  head  or  base  lias  cracked  off,  or  suftered 
in  any  way  from  the  sharp  re-entering  angle  with  the  stem,  or  that  the 
rail  has  ever  given  out,  except  by  wearing,  crushing,  scaling,  splintering, 
or  laminating  at  the  tojj.  Substantially  this  form  is  now  being  adopted 
by  neighlioring  engineers  in  this  country,  who  at  first  strongly  objected 
to  it.  I  made  one  decided  mistake  in  this  pattern,  by  not  having  the 
out(H-  bottom  corners  of  the  head  sharp  enough  ;  or,  rather,  I  yielded  too 
much  to  the  feeling  against  such  an  unsightly  thing  as  an  angular  head. 


*  Appended  to  the  Report  of  the  Committee  on  the  Form,  Weight,  Manufacture  and  Life 
of  Rails. 
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Where   cliestnut  or  otliei'  soft  ties   are  used,  unless  the  wood  is  very 
elastic,  the  base  of  this  rail  should  be  increased  to  41  inches. 

Diagram  No.  2  shows  the  50  pound  iron  rail  I  adopted  for  branch  rail- 
roads ;  height  and  base  each  3i  inches,  stem  -i]  thick,  head  2j|  wide, 
and  li  deep.  More  than  80,0()()  tons  of  this  pattern,  rolled  by  the  Allen- 
town  Rolling  Mill  Co.,  are  in  use  on  ditferent  roads,  and  do  good  service. 
Previous  to  18(i7,  the  steel  rails  laid  in  this  country,  copied  from  the 
iron  rails  then  in  use,  were  unnecessarily  heavy,  and  so  proportioned  that 
much  of  the  metal  did  no  good.  The  forms  in  use  for  iron  rails  were  cal- 
culated not  so  much  to  prevent  their  destruction  l)y  wearing  out  as  by 
coming  to  pieces.  Believing  that  there  v»-as  no  danger  of  this  latter  mode 
of  failure  in  a  steel  rail,  and  that  a  very  thin  stem  and  base  would  give 
sufficient  strength,  I  determined  to  try  a  pattern  in  which  all  the  metal 
possible  should  be  i^ut  into  the  head,  and  as  little  as  possible  anywhere 
else.  This  pattern,  intended  as  an  experiment  to  give  the  principles 
I  had  adoi)ted  an  extreme  test,  is  represented  in  the  diagram  No. 
3,  height  and  base  each  4  inches,  head  full  2|  inches  wide  and  li  deej), 
radius  of  sectional  curvature  of  top  of  head  12  inches,  stem  i\  thick, 
base  {',;  on  the  edge,  and  its  upper  surface  rising  at  an  angle  of  14" 
(same  angle  as  under  side  of  head),  weight  53  lbs.  to  the  yard. 

After  considei'able  negotiation  with  Naylor  I'v:  Co. ,  during  the  early  part 
of  the  season  of  18G(),  I  gave  them  the  order, on  August  14th,  for  200  tons 
of  steel  rails  of  that  pattern,  to  be  rolled  by  John  Brown  ct  Co.,  at  Shef- 
field. After  much  hesitation,  and  unsuccessful  etibrt  on  their  part  to  get 
the  pattern  modified,  and  the  lengths  reduced  below  30  feet,  the  rails 
were  finally  rolled  liy  them  without  much  difficulty,  stood  an  unexpect- 
edly good  drop  test  (tested,  as  I  imderstood  at  the  time,  by  Kirkaldy,  at 
London),  and  were  laid  in  the  spring  of  18(37  at  points  on  the  main  lines 
of  the  railroads  above  referred  to,  where  it  had  l)een  found  that  rails  were 
destroyed  most  rajiidly. 

The  severe  usage  to  which  these  rails  were  subjected,  without  the 
slightest  injury,  soon  made  it  evident  that  they  M-ere  strong  enough,  and 
several  hundred  tons  more  of  the  same  pattern  were  laid  down  in  1868  on 
the  main  line,  between  Philadelphia  and  New  York,  in  places  where  rails 
were  worn  out  most  rapidly.  One  point  where  they  were  laid  was  in 
Bergen  Cut,  a  mile  or  two  from  the  Hudscin  river,  where  the  curves  are 
very  sharp  and  the  speed  high.  Probably,  36,000,000  to  38,000,000  tons 
of  gross  load  per  annum  have  since  passed  over  each  track  laid  with  these 
spindle-shanked  rails  at  that  point,  equivalent  to  9,000,000  to  10, 000, 000 
tons  of  freight  in  the  six  years. 
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After  freqiient,  including  very  recent,  examinations  of  tlie  rails  of  this 
pattern,  I  cannot  find  tliat  one  rail  lias  ever  broken,  althougli  many  hun- 
dreds of  other  rails,  including  some  67  pounds  steel,  have  broken  on  the 
same  roads  since  these  were  laid.  The  only  injuries  I  can  find  to  the 
stem  or  base  are — one  base  cracked,  and  the  bases  at  thi-ee  joints  on 
rotten  ties  bent  up  for  a  very  few  inches.  In  many  places  where  these 
rails  are  laid  the  roHd-l)ed  is  not  a  good  one.  The  rails  witli  thinnest 
stems  Avear  best. 

On  api^lyiug  acciirate  complementary  ttnnplets  to  these  rails,  no  stem 
has  been  found  compressed  or  bent  or  deflected  from  the  per^jendicular. 
The  templets  would  show  a  deviation  of  less  than  one-hundreth  of  an  inch. 
Except  the  wear  on  tlie  heads,  tlie  rails  are  apparently  as  good  as  when 
first  laid,  some  6  and  some  7  years  ago.  The  accompanying  diagrams, 
Nos.  6,  8,  10  and  12,  show  how  and  hoAv  much  the  heads  have  worn. 
On  the  sharp  curves  the  Avear  on  the  top  of  head  of  outer  rail  is  three 
or  four  times  as  much  as  on  straight  lines,  the  wear  on  side  of  head 
increasing  the  Avhole  loss  of  metal  to  four  or  five  times  as  much  as  on  the 
straight  line,  except  where  there  is  much  stopping  and  starting.  As 
these  rails  were  in  all  cases  laid  in  the  worst  jilaces,  the  wear  is  much 
greater  than  it  would  average  on  a  whole  road.  In  those  jilaces  good 
fair  iron  rails,  as  rails  were  in  those  days,  wear  out  in  a  year.  On  the 
Belvidere  DelaAvare  R.R.,  where  the  trains  commonly  take  750  tons  of 
coal,  at  a  speed  of  8  miles  per  hour  (the  weight  on  each  driver  being 
under  10,000  pounds),  and  the  foundation  is  good,  the  wear  on  top  of 
rail  is  sometimes  not  over  one-himdredth  inch  for  2,000,000  tons  of 
coal  or  its  equivalent;  while  at  Bergen  Cut,  Avhen  the  radius  of  curvature 
is  under  600  feet,  the  loss  of  metal  from  the  top  and  side  of  the  head  is 
fuU  six  times  as  gxeat  for  an  equiA'alent  anu:»unt  of  traffic.  In  the  former, 
the  capacity  of  this  53  pounds  steel  raU  is  i)robably  80,000,000  tons  of 
coal,  or  200,000,000  tons  gross  load,  in  the  latter  30,000,000  tons  gross  load. 
These  rails  having  behaved  so  Avell,  I  adopted  the  pattern  for  the 
system  of  roads  in  my  charge;  slightly  modifying  it,  however,  by  putting 
a  little  more  metal  into  the  base  and  stem,  making  the  latter  'j  S-incli  thick, 
and  increasing  the  Aveight  to  56  pounds.  This  is  shown  in  diagram  No. 
■4,  and  was  partly  a  concession  to  general  opinion  (especially  to  that  of 
President  Hinckley,  Avho  adojited  this  i^attern  for  the  Philadelphia,  Wil- 
mington &  Baltimore  R.R. ),  partly  to  facilitate  the  manufacture,  but 
especially  to  be  on  the  safe  side.  As  the  original  53  pounds  pattern  has 
given  just  as  good  results  as  the  other,  I  Avould  adopt  it  noAv  in  prefer- 
ence, except  when  the  machinery  is  very  heavy,  or  the  ties  bad. 
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Several  hnudred  miles  of  track  laid  with  steel  rails  of  this  modified 
(56  pounds)  pattern,  have  been  in  suoeesstul  use  under  a  heavy  traffic, 
with  high  speeds,  from  three  to  six  years;  especially  on  the  roads  between 
Baltimore  and  New  York.  I  cannot  find  that  more  than  2  or  3  of  these 
rails  out  of  7,000  or  8,000  tons  laid  under  my  own  direction  have  been 
broken  or  removed  from  the  track. 

This  pattern,  regarded  at  first  by  all  who  saw  it  with  surprise  and  dis- 
approbati(m,  has  been  growing  in  favor,  and  with  slight  modifications, 
extensivel}'  adopted.  Those  who  have  since  adopted  .substantially  the 
same  pattern,  may  have  been  led  to  it,  without  any  knowledge  of  mine, 
by  the  same  course  of  reasoning  that  I  followed. 

For  reasons  elsewhere  given,  the  corners  on  the  imder  side  of  the 
head  ought  to  have  been  less  rounded.  With  ties  of  soft  wood  (unless 
very  elastic  like  cy^jress),  the  base  should  be  4v  inches  ^\-ide,  or  even 
wider. 

Misled  by  a  high  foreign  authority,  I  at  first  used  too  short  fish- 
l^lates,  only  14  inches  long,  the  ends  of  which  slightly  indented  the 
shoulders  of  the  rail.  I  afterwards  used  fish-plates  28  inches  long.  The 
flat  slopes  adopted  for  the  bearings  of  the  fish-plate  prevent  any  tend- 
ency to  move  outwards  causing  the  bolts  to  break  or  the  nuts  to  work 
loose.  I  i)ut  small  leather  washers  under  the  nuts,  and  though  tried 
periodically,  they  are  sometimes  not  tightened  for  many  months  or  even 
for  years. 

I  understand  that  some  railroads  are  now  using  an  iron  rail  of  the 
pattern  shown  in  diagram  Xo.  4.  If  the  metal  is  thoroughly  welded,  it 
will  do  well. 

As  the  foregoing  exi^erience  with  very  slender  rails  differs  widely  from 
what  was  generally  expected,  I  submit  it  for  the  information  of  the 
Society. 

Mr.  HoKATio  Allen. — In  Hsteuing  to  the  Report  and  Memoir  just  read, 
I  have  wished  very  much  that  we  had  in  this  country'  the  good  old  English 
custom  of  saying  "hear,  hear.'"  Surely,  then,  many  present  would  have 
been  prompted  thus  to  manifest  their  approval.  Althoixgh  all  may  read 
the  Report  in  print,  those  who  have  traveled  a  long  way  to  attend  this  Con- 
vention must  rejoice  that  so  valuable  a  paper  has  lieen  pressed  ui)on 
their  attention  and  memory  by  one  of  such  experience  and  ability.  It 
is  rarely  a  body  of  engineers  listens  to  so  much  that  is  valuable,  as  Ave 
have  just  done. 

Mr.  Robert  L.  Cooke. — -I  understand  this  is  only  a  partial  repoi't, 
and  that  the  Committee  has  the  matter  still  under  consideration.     I  move 
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tlu!  iMlo])ti()ii  of  tlic  ilcpoii,  iiinl  tli;i,i  t  In  ■(  '(tin  mil  tec  l)(i  coiiti  lined.  ('J'lic 
iiKttiou  was  ciirricd.) 

Mr.  J.  DuTToN  Stkkm:. — J  ]iii\c  Ik'cu  (•\<'c('(liii^ly  iiitcrcstcMl  iiitlicllf- 
])()rt,  ;iii(l  think  tlu;  Scxdety  liiLs  i^vrni  rciLsoii  for  coiif^nttulatioii  tliiit  this 
iiniiovtiuit  topic  has  h('(ni  jilaccd  in  so  coniix'tciit  hands. 

\\  lien  th(!  ohl  lisli-bclly  rail  in  tlic  Liverpool  it  MancheHter  K.  li. 
was  abandoned,  the  matter  was  made  the  subject  of  scientific  iuv(!stiga- 
tioii  ill  England,  the  result  of  which  was  the  production  <jf  a  rail  patt(!ru 
iieaily  liW;  that  recommended  by  this  Committee,  the  adoption  of  which, 
however,  was  jirevented  by  the  influence  of  the  iron   niiumfacfnrers. 

Aliout  a  dozen  years  ago,  a  very  large  U  shaix'd  I'ail,  12  inches  across 
the  base  and  (i  inches  high,  Avas  in  favor  in  England.  The  two  rails  form- 
ing the  track  Avere  tied  together,  every  H  feet  in  length,  Avith  iron  bars, 
and  the  ballast  was  put  in  so  as  to  sustain  them,  Avithout  ties  or  other 
supports.  An  English  stockholder  in  the  railroad  of  which  I  had  charge 
at  that  time,  caused  to  lie  sent  over  to  America  enough  of  these  rails  to 
lay  one  mile  of  track,  Avhich  Avas  carefully  done,  and  the  ballast  put  in. 
The  result  Avas,  that  at  first  it  Avas  one  of  the  most  perfect  roads  that  I 
ever  rode;  upon  ;  there  Avas  hardly  a  jar  (W  (piiver  ;  but  in  conseciueiice  of 
the  lacU  of  elasticity  referred  to  in  this  Eeport,  the  wear  was  excessive, 
and  ill  si.K  months  the  rails  had  to  lie  taken  up. 

The  double-headed  English  rail  was  intiaideil  to  reverse.  If  L  am 
rightly  inroiined,  one  objection  to  this  jiattern  not  mentioned  by  the 
Conmiittei!  is,  that  the  roll  of  the  Avhe(^ls  on  the  head  of  tlu^  rail  graiiu- 
lat(!s  (U-  Avears  it  so  that  fracture  takes  pLu-e  immediately  ii|i<>ii  reversion. 
I  liaA'e  watched  Asith  soiiK!  interest,  as  probably  subject  to  similar  in- 
fluences, steel  frogs  when  niversed,  and  tiiid  that  they  will  not  then  with- 
stand the  Avear. 

Mr.  A.  1).  liuKios. — My  own  observation  has  led  nie  to  doulit  very 
mu(4i  Avhether  loAV  temjx'raturc!  is  the  (uuise  of  failurt!  of  rails  in  cold 
Aveatlier.  It  is  a  matter  to  Avliich  I  liaA'e  given  much  attcuition  during 
the  last  few  years.  I  have  collectcid  (umsidiu'able  iuhniiiation  upon  the 
subject,  and  so  far  as  I  am  at  present  informed,  (/oix/  rails  and  i/ixxl  iron 
Avheels  are  not  Aveaker  in  a  low  temjierature  or  more  likely  thereby  to 
break  than  in  a  higher  temjieralurc!.  in  Massachusetts  it  has  been 
shown  that  feAV,  if  any,  mort^  rails  or  tires  break  in  cold  than  in  warm 
Aveatlier,  from  temperature  alone.  I  am  assured  the  failures  in  cold 
Aveather  are  due  inst(>ad,  to  defectiA^e  rail  patterns,  the  (jiiality  of  mate- 
rial, or  the  condition  of  the  road-bed. 
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The  Weight  of  Raxls. — The  writer  has  long  lentertained  the  opinion 
that  the  assumption  of  any  fixed  relation  between  the  weight  of  a  rail  and 
the  maximum  load  bcn'ne  l)y  one  pair  of  wheels  passing  over  it,  was  mis- 
leading and  fallacious.  A  simph;  consideration  of  the  pressuri;  on  the 
surfaces  in  contact  between  the  driving  whecils  of  tlie  locomotives  and 
the  rails  will  make  this  apparent.  If  the  wlusel  and  the  rail  were  both 
inelastic,  the  contact  would  Ix;  a  line,  and  tlus  pi"essur(^  would  he  infinite. 
Being  elastic,  however,  they  l»otli  yield  a  little,  and  the  contact  becomes 
a  surface. 

Ten  years  ago,  tlie  writer  took  some  pains  to  measure  these  surfaces, 
and  then  found  them  to  average  about  :[  of  an  in(;h  across  the  face  of  the 
rail,  and  about  i  of  an  inch  along  its  length;  giving  an  area  of  ^\  of  a 
square  inch,  on  whicih  a  weight  of  1),000  pounds  will  (sxert  a  pressure  of 
32,000  pounds  per  s(juarc  iiicli — 10,000  ])ounds,  a  jiressure  of  .35,555 
pounds  per  square  inch,  and  11,000  pounds,  a  pressure  of  39,111  pounds 


*  Appended  to  the  Report  on  the  Fonii,  Weight,  Mauufactun-  and  Life  of  Rails,  LXXXVIIJ, 
Transaetions. 
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per  square  ineli.  These  experiments  have  recently  been  repeated  upon 
the  Erie  Railway.  Those  which  seemed  most  satisfactory  were  made  l)y ' 
jacking  up  simultaneously  both  wheels  of  a  j^air  of  drivers,  and  mtrt)- 
ducing  between  them,  and  the  rails  a  sheet  of  thin  tissue  paper,  underlaid 
by  a  black  sheet  of  thin  manifold  copying  paper.  By  lowering  the 
wheels  upon  the  paper,  and  allowing  their  full  weight  to  rest  thereon,  a 
very  good  impression  of  the  surfaces  in  contact  Avas  obtained. 

In  the  following  Table  the  pressures  are  static,  and  as  ordinary  wrbught- 
iron  begins  to  crush  at  about  38,000  to  40,000  pounds  to  the  square  inch, 
the  weights  noted, when  put  into  motion  are  pretty  sure  to  smash  down  any 
material  so  soft  as  ordinary  bar  iron.  While  the  maximum  weight  on  the 
wheels,  therefore,  should  undoubtedly  govern  the  hardness  of  the  maternal 
in  the  head  of  the  rail,  it  has  no  relation  to  the  welr/ht  of  the  rail,  except 
so  far  as  this  results  from  its  necessary  form  and  proportion  as  a  girder 
to  carry  and  distribute  the  weight  to  the  sujjports,  and  this  again  is 
modified  by  the  distance  these  may  be  spaced  apart. 


No.  of 

Diameter 

Weight  on 

Position 

Condition  of 

General  size 

of 
impression. 

Area  in 

Pressure  per 

engine. 

of  driver. 

driver . 

of  wheel. 

wheel. 

contact. 

square  inch. 

ft.    in. 

Pounds. 

Inches. 

Inches. 

Pounds. 

388 

5    0 

11,175 

Eight. 

Worn. 

r'aXi 

0.13 

85,961 

" 

5    0 

11,17.5 

Left. 

Much  worn. 

2Xt\ 

0.42 

26,607 

48-2 

i    "i 

11,358 

Right. 

Xewly  turned. 

IXI 

0.32 

35,494 

" 

4     71 

11,358 

Left. 

Newly  turned. 

T«Xs 

0.14 

81,128 

492* 

5    0 

11,912 

Eight. 

Partly  worn, 

IXiV 

0.36 

33,089 

" 

5    0 

11,912 

Left. 

Partly  Avorn. 

fXJ 

0.35 

34,034 

384 

5     0 

11,185 

Right. 

Partly  worn. 

IXI 

0.32 

34,953 

If  these  premises  are  correct,  it  f(jllows  that  the  adding  of  weight  to 
an  iron  rail,  already  sufficiently  stiff  to  carry  the  load,  would  only  ensure 
its  more  rapid  destruction,  l)y  making  it  too  rigid  to  yield  slightly  under 
the  wdieel,  and  perhai)s  by  preventing  such  slight  deflections  between  the 
supports,  as  is  found  admissible  in  pi-actice,  and  which  by  curving  the 
rail  to  some  assimilation  with  the  w'heel,  probably  increases  slightly  the 


*  The  exi^eriment  on  engine  492  was  made  by  substituting  thin  bank-note  paper  for  the 
issue  paper,  and  that  on  engine  384  by  wetting  the  rail  around  the  area  in  contact  with  the 
wheel  with  a  solution  of  sulphate  of  copper.  The  copper  being  deijosited  on  the  rail  and 
wheel,  left  a  bright  spot  of  iron  untouched  where  the  surfaces  had  been  in  contact.  Neither 
of  the  latter  experiments  were  deemed  as  satisfactory  as  those  with  tissue  paper. 
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!ire:is  iu  coutact,  aud  so  tliminislies  the  intensity  of  the  crushing  pres- 
sures. Hence  we  find  that  in  many  cases,  some  light  shallow  rails,  with 
hard  material  in  the  head,  thoroughly  Avelded,  have  greatly  outworn  much 
heavier  iron  rails,  under  the  same  traffic.  Hence,  also,  railroads  with  a 
heavy  traffic,  requiring  powerful  locomotives,  with  11,000  to  12,000 
pounds  per  Avheel,  in  order  to  haul  maximum  trains  and  keeji  down  the 
expenses  of  their  train  service,  really  cannot  afford  to  lay  any  but  steel 
rails  in  their  main  trades.  Railroads  with  a  moderate  traffic,  which  can- 
not as  yet  afford  to  buy  steel  rails,  and  have  from  10,000  to  11,000  pounds 
on  their  engine  wheels,  should  stipulate  for  the  hardest  iron  it  is  possible 
to  place  in  the  heads  of  their  rails,  with  a  due  regard  to  perfect  Avelding; 
while  those  with  a  light  business  would  actually  find  it  more  profitable 
to  sell  any  locomotives  with  more  than  10,000  i)ounds  per  wheel,  than  to 
have  them  crush  and  destroy  the  iron  rails  now  laid  iu  their  tracks,  be- 
fore the  growth  of  the  country  furnishes  a  remunerative  business. 

It  is  therefore  suggested,  as  of  more  pressing  importance  to  many  of 
our  American  I'ailroads,  that  they  should  i^resently  proportion  their 
machinery  to  the  rails  now  laying  upon  them,  tlian  to  endeavor  to  adapt 
the  rails  to  the  machinery.  In  the  building  of  new  roads,  the  weight 
and  character  of  the  rails  have  been  governed  by  financial  rather  than 
truly  economical  considerations.  RailAvay  presidents  and  directors  have 
consulted  the  treasurer,  rather  than  the  engineer.  The  latter  should 
therefore  endeavor  now,  so  to  have  the  engines  proportioned  as  not  to 
exert  crushing  strains  on  the  rails. 

As  the  first  set  of  rails  becomes  worn  out,  and  the  traffic  increases,  the 
weight  of  the  locomotives  is  sure  to  increase,  and  it  is  right  that  it  should 
do  so.  Rates  will  be  decreasing  at  the  same  time  that  the  volume  of 
business  increases,  and  the  expenses  of  train  service  will  be  assuming  a 
larger  i^roportion  of  the  total  cost  of  operating,  so  that  it  wiU  be  desira- 
ble to  economise,  and  to  diminish  the  proportion  of  cost  of  train  labor,  by 
increasing  the  size  of  the  trains.  This  result  is  inevital»le,  and  when  this 
second  period  arrives,  it  would  be  a  mistake  to  oppose  an  increase  in  the 
weight  of  locomotives  to  conform  with  moderate  practice,  which  then 
becomes  both  necessary  and  economical. 

When  this  occurs,  however,  the  weight  upon  the  driving  wheels  should 
govern  the  material  in  the  rail,  rather  than  its  n'eiijlit,  and  endeavors 
should  be  directed  to  the  selection  of  tlie  l)est  materials  and  i^roportions 
for  the  second  set  of  rails,  whether  of  steel  or  of  iron,  instead  of  looking 
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to  a  mere  increase  of  weight,  whieli  as  herein  before  stated,  may  become . 
a  positive  detriment.  The  weight  of  the  rail  will  result  from  its  form 
and  depth,  and  it  should  l)e  designed  as  a  girder  or  beam  resting  upon 
several  supports,  so  as  best  to  carry  and  distribute  the  loads  on  the 
wheels.  The  distance  apart  of  the  ties  or  supports,  will  be  governed  by 
their  cost,  by  the  depth  assumed  for  the  rail,  by  convenience  in  tamping 
and  repairs,  as  well  as  by  the  character  of  the  soil,  of  the  machinery  and 
of  the  traffic.  It  may  be  stated  in  general  terms,  that  the  best  practice 
in  this  country  seems  to  point  to  the  laying  of  rails  4  to  4:^  inches  deep, 
weighing  from  56  to  QS  pounds  per  yard,  upon  ties  spaced  about  2  feet 
from  centre  to  centre. 

The  following  rules  are  therefore  proposed  as  a  substitute  for  that  fix- 
ing tlie  Aveight  of  rails  as  a  multiple  of  the  maximum  weight  uj)on  a 
driving  wheel. 

1st.  Rails  are  to  be  designed  as  girders  resting  upon  several  suj)i)urts, 
on  the  same  principle,  ;ind  from  the  same  general  data  as  those  now 
applied  to  bridges. 

2d.  Where  locomotive  driving  wheels  are  loaded  to  11,00U  ijouuds  or 
over,  ilie  rails  should  be  of  steel. 

3d.  When  from  any  cause  it  is  not  possible  to  provide  steel  rails  for 
such  weights,  the  material  in  the  heads  of  iron  rails,  should  be  the  hard- 
est it  is  possible  to  weld  thoroughly  to  the  body  of  the  rail. 

The  Breaking  of  Ikon  Rails. — Sufficient  attention  has  probably  not 
been  given  to  the  age  of  iron  rails,  or  rather  to  the  amount  of  traffic  which 
has  passed  over  them  as  affecting  their  liability  to  fracture  in  cold 
weather. 

Some  years  ago,  the  writer  was  in  charge  of  the  maintenance  of  way 
on  a  i^rominent  Western  railroad.  About  71  miles  of  this,  had  been  laid 
in  1854,  with  an  English  rail  of  about  58  pounds  weight  per  yard.  It 
was  pear  headed,  and  laid  with  wrought-iron  chairs  upon  joint  ties. 
During  the  winter  of  1861^5,  these  rails  which  had  hitherto  proved  amply 
strong  for  the  traffic  and  machinery,  began  to  break  under  the  trains, 
and  some  300  of  them  snapped  upon  this  division  during  the  continuance 
of  the  cold  weather.  This  breaking  ceased  when  sirring  returned,  and 
during  the  ensuing  summer  and  autumn,  few  or  no  l)reakages  occurred. 

The  condition  of  the  track,  already  much  improved,  compared  with 
what  it  had  been  in  former  years,  was  still  made  better  during  the  work- 
ing season.     About  15  miles  were  relaid  with  re-rolled  iron,  thus  reducing 
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the  amouDt  of  old  rails  upon  this  portiou  of  the  road  to  about  5(5  miles  ; 
many  uew  ties  were  put  in,  and  great  attention  paid  to  the  surfacing, 
draining  and  ballasting.  Xotwitlistanding  this,  as  soon  as  cold  weather 
set  in.  during  the  winter  of  1865-fi,  the  rails  began  to  break  under  the 
trains  at  a  most  alarming  rate.  Sometimes  from  50  to  100  rails  would  be 
reported  broken  of  a  night,  and  al)out  3,400  rails  snapped  upon  this  56 
miles  during  the  continuance  of  the  cold  weather.  As  most  of  these  rails 
were  18  feet  long,  this  amounted  to  about  5  J  miles  of  track,  or  over  10 
per  cent,  of  the  whole. 

Immediate  measures  were  taken  to  guard  the  safety  of  the  trains. 
Passenger  trains  were  slowed  to  a  speed  of  20  miles  per  hour,  and  freight 
trains  to  12  miles  per  hour,  over  this  dangerous  portion  of  the  line.  It 
was  divided  into  patrols  from  three-fourths  to  one  mile  in  length,  and 
watchmen  were  put  on  night  and  day,  to  walk  over  the  track  after  every 
train,  to  look  out  for  broken  rails,  while  the  section  gangs  were  held  in 
readiness  at  all  times  to  repair  or  replace  am'  breakages.  These  mainly 
occurred  over  the  shoulder  ties,  or  those  next  to  the  joints,  and  about  20 
to  24'inches  from  the  end  ()f  the  rail,  although  sometimes  the  rail  broke 
into  three  or  four  ijieces  under  the  train.  The  precautions  taken  proved 
so  eflfectual,  that  after  they  were  adopted,  only  22  trains  went  oft'  the 
track  (of  which  but  one  was  a  passenger  train)  on  this  i^ortion  of  the 
road,  and  in  every  case  the  trains  were  thrown  off  by  rails  which  broke 
under  them. 

The  process  seemed  to  be  as  follows  ;  the  rails  broke  under  the  engine, 
biit  this  almost  invariably  passed  over  in  safety,  the  car- wheels  then  suc- 
cessively loosened  the  broken  piece  of  rail,  xmtil  one  of  them  threw  it 
out  of  line,  when  the  next  wheel  would  go  oft'  the  track,  and  the  train 
would  be  wrecked,  generally  towards  its  rear  end.  In  the  vast  majority 
of  instances  (say  3,400  to  22)  the  broken  pieces  of  rails  were  not  thrown  out 
of  the  track  by  the  train  which  had  broken  them,  or  if  so,  only  dropped 
out  of  line  after  the  last  car  had  passed,  and  Avere  soon  thereafter  found 
by  the  watchmen,  when  a  new  rail  would  be  put  in,  or  the  pieces  secured 
in  place,  so  that  the  next  train,  which  was  flagged,  could  proceed  in  safety. 

Most  of  the  breakages  occurred  when  the  weather  moderated  after  a 
very  cold  snap.  A  comparatively  mild  night,  after  two  or  three  days  of 
intense  cold,  always  showed  a  large  increased  number  of  broken  rails  in 
the  daily  reports  of  the  watchmen.  An  increase  was  also  shown  when 
the  weather  turned  from  mild  to  cold,  the  predisposing  cause  seeming 
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to  he  a  change  in  the  temperature,  anil  consequently  in  the  internal 
strains  of  the  rails.  As  spring  and  warmth  returned,  tlie  rails  gradually 
ceased  to  break.  It  is  almost  needless  to  say,  that  during  the  succeeding 
season,  the  whole  of  that  56  miles  of  track  was  relaid  with  new  rails. 

Incredible  as  this  experience  may  seem,  it  is  believed  not  to  be  sin- 
gular. It  is  mthin  the  personal  knowledge  of  the  writer,  that  an  engine 
without  a  train,  with  a  flat  dri\'ing-wlieel,  broke  no  less  than  163  rails, 
upon  another  Western  railroad  in  running  30  miles,  without  getting  off 
the  track  herself,  and  that  some  lines  have  recently  had  an  experience 
very  similar  to  that  above  described,  as  to  the  numbers  of  breakages. 

It  seems  certain  that  after  rails  have  been  run  over,  either  a  certain 
number  of  times  or  of  years,  they  become  much  more  brittle,  and  likely 
to  break  off  s<iuare  without  warning.  They  may  have  proved  to  be  suffi- 
ciently strong  during  the  first  few  years  after  which  they  were  laid,  and 
then  suddenly  develoi?  increased  l:)rittleness,  and  break  in  large  num- 
bers under  the  same  class  of  rolling  stock,  and  the  same  conditions  of 
working  as  those  which  they  have  successfully  withstood  during  previous 
winters.  This  has  been  partially  counteracted  on  some  lines  by  anneal- 
ing repaired  rails.  For  this  purpose  they  have  been  roasted  to  a  dull 
red  heat,  over  fires  made  of  old  ties,  and  allowed  gradually  to  cool,  but 
the  results  have  not  been  sufficiently  satisfactory  to  warrant  a  continu- 
ance of  the  practice. 

The  reader  will  naturally  conclude  that  these  experiences  tend  to  con- 
firm the  theories  of  so  called  granulation  or  crystallization  of  iron  under 
severe  strains.  That  a  very  great  reduction  of  its  tensile  strength  takes 
place  under  rex^eated  and  severe  vibrations  is  abundantly  proved,  but  an 
inspection  of  the  fractures  of  these  rails  did  not  lead  to  the  belief  that 
any  process  at  all  analogous  to  crystallization  had  taken  jilace.  A  minute 
examination  of  the  foot  of  the  broken  rails  rather  conveyed  the  im- 
pression of  bright  broken  threads,  while  the  heads  presented  a  more 
granular  appearance.  If  we  consider  that  in  the  operation  of  rolling, 
the  original  grains  of  the  wrought-iron  were  gradually  lengthened  into 
fibres,  and  that  repeated  tensions  and  vibrations  would  tend  to  break 
and  separate  some  of  these  fibres,  especially  Avhen  a  change  of  temper- 
ature had  altered  the  internal  strains  in  the  rails,  we  Avill  probably  form 
very  nearly  an  idea  of  what  really  took  jilace.  The  fact  that  the  greatest 
number  bioke  Avhen  the  weather  moderated,  and  the  general  posi- 
tion of  the  fracture  over  the  first  tie,  back  from  the  joint,  led  to  the 
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belief  that  they  pvobubly  tir.st  broke  by  tension  iu  the  head.  The  latter 
having  greater  mass  than  either  the  foot  or  stem,  would  absorb  heat  and 
expand  more  slowly,  and  therefore  would  be  in  greater  initial  tension, 
especially  in  the  night  when  the  counteracting  effect  of  the  sun's  rays 
would  not  l)e  present.  A  rail  lieing  substantially  a  continuous  beam 
resting  upon  a  number  of  supports,  would,  on  the  passage  of  a  load, 
have  its  top  strained  in  comjiression  between  the  points  of  contrary 
flexure  between  the  ties  and  in  tension  over  the  supports.  Hence  the 
breaking  over  the  shoulder  ties  upon  a  slight  yielding  of  the  joint. 

If  this  theory  be  correct,  it  follows  that  not  only  must  care  be  exer- 
cised in  obtaining  a  hard  quality  of  material  for  the  head  of  iron  i-ails, 
in  order  to  resist  crushing,  that  this  material  must  weld  perfectly  to  the 
the  plates  beneath  it  to  avoid  lamination,  but  also  that  it  must  be  strong 
iron  and  suflSiciently  worked  to  develop  tensible  strength,  in  order  that 
the  rail  shall  not  become  brittle  in  using.  Curiously  enough,  the  rails 
which  have  proved  most  liable  to  fracture  within  the  experience  of  the 
writer  have  been  of  comparatively  heavy  section,  and  generally  pear- 
headed.  The  most  brittle  he  has  ever  known  were  a  lot  weighing  72 
pounds  per  yard,  originally  laid  upon  the  Portage  Railroad  of  Pennsyl- 
vania and  transferred  to  a  Western  line. 

The  re-rolled  rails  made  from  those  taken  up  on  the  56  miles  which 
have  been  alluded  to,  never  broke.  They  had  a  very  great  surplus  of 
strength,  but  they  proved  so  soft  that  they  were  crushed  to  pieces  in  3 
or  4  years,  while  the  original  stock  from  which  they  were  made  had 
lasted  from  10  to  11  years  in  the  same  track.  In  this  latter  case  they 
evidently  had  been  worked  too  much  and  tensile  strength  had  been 
developed  at  the  expense  of  hardness,  so  that  the  rails  were  no  longer 
able  to  resist  the  crushing  pressures  of  the  driving  wheels. 
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THE  FAILURE  OF  THE  DAM  ON  MILL  RIVEK. 

A  Eeport  by  James  B.  Fbancis,  C.  E,,  Theodoke  G.  Ellis,  C.  E., 
and  William  E.Worthen,  C.  E.,  Members  of  the  Society. 

Adopted   June   10th,  1874. 


The  Committee  aijpointed  by  tlie  Society  to  examine  and  report  upon 
the  faikire,  on  May  16th  last,  of  the  dam  on  Mill  river,  have  attended  to 
the  duty  assigned  them  and  i^resent  the  following  report  : 

The  dam  is  situated  in  the  town  of  Williamsburg,  Hampshire  County, 
Mass.,  on  a  branch  of  Mill  river,  u  small  stream  entering  the  Connect- 
icut river  at  Northampton.  It  was  built  in  1865  by  the  Williamsburg 
Reservoir  Company,  a  corporation  chartered  for  the  purpose,  the  stock 
in  which  is  held  by  the  maniifacturers  whose  mills  are  situated  on  the 
stream  below;  the  reservoir  being  built  for  the  purpose  of  affording 
them  a  larger  supply  of  water  during  the  dry  season. 

The  dam  is  between  500  and  600  feet  long,  and  about  43  feet  high  at 
the  highest  point  near  the  centre,  diminishing  to  nothing  at  the  ends, 
forming  a  reservoir,  when  filled,  in  the  valley  above  it,  of  an  area  of  111 
acres,  with  an  average  depth  of  about  20  feet.  At  the  time  of  the  failure, 
the  water  was  about  4  feet  below  the  top  of  the  embankment,  — not  an  un- 
usual height  at  this  season, — and  within  a  few  months  it  has  been  at  least 
a  foot  higher.  The  failure  took  place  between  7  and  8  o'clock  on  the 
morning  of  May  16th  last,  when  pi-obably  three-quarters  of  the  contents 
of  the  reservoir  escajied  in  about  20  minutes,  or  at  the  rate  of  about 
60,000  cubic  feet  per  second,  destroying  in  its  course  through  the  steep 
and  narrow  valley  V)eloA\-,  14;5  lives,  and  property  to  the  amount  of  more 
than  .fl, 000, 000. 

The  dam  consists  of  an  earthen  embankment  with  a  longitudinal  wall 
of  stone  and  cement  through  its  centre,  a  waste-way  33  feet  wide  in  the 
natural  ground  at  one  end  of  the  embankment,  and  a  10-inch  pipe  through 
the  embankment  and  wall  at  the  lowest  point  for  the  discharge  of  the 
water  as  wanted  for  use  at  the  mills  below. 

Two  or  three  plans  for  a  dam  at  this  point  Avere  prei^ared,  and  reject- 
ed by  the  company,  on  the  ground  of  their  cost;  one  of  them  by  the  late 
Mr.  SteAvart  S.  Chase,  Member  of  the  Society.     The  plan  adojited,  or 
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rather  the  speeifieatioiis  (for  it  does  not  appear  that  any  plan  was  drawn), 
were  prepared  by  Mr.  Lucius  Fenn,  Civil  Engineer,  now  of  New  Britain, 
Conn. ,  who,  according  to  the  evidence  reported  to  have  been  given  by 
him  at  the  coroner's  impiest,  claims  to  have  written  them  tinder  the  di- 
rection of  the  Dii'eetors, — "he  acted  only  as  the  attorney  of  the  com- 
pau}'  in  drawing  up  the  specifications." 

The  work  was  done  by  Wells  and  Bassett,  contractors.  A  paper,  em- 
bodying contract  and  specifications  was  prepared  and  acted  under,  but 
not  signed  on  account  of  some  misunderstanding.  This  paper  was  pro- 
duced at  the  inquest,  and  proxides  for  an  embankment  43  feet  high  above 
the  original  bed  of  the  stream,  16  feet  in  width  at  the  top,  with  slopes  on 
each  side  of  one  and  a  half  to  one,  and  for  "a  good  rubble  wall  through 
"the  centre  of  the  dam,  longitudinal  therewith,  the  toj)  to  be  42  feet 
"above  the  original  bed  of  the  stream  on  the  centre  line  of  the  dam,  to 
"be  2  feet  thick,  uniformly  level,  and  increase  in  thickness  downwards 
' '  with  a  bater  one  inch  jjer  foot,  making  the  thickness  at  45  feet  from 
"the  top,  5  feet 9  inches.  The  Mhole  wall  to  be  well  banded,  laid  in  a 
"substantial  and  workmanlike  manner,  and  except  from  10  to  15  feet 
"from  top  downward,  to  be  well  grouted  with  the  best  of  hydraulic  lime 
' '  and  sand.  From  the  top  downward,  10  or  15  feet  (the  exact  distance 
"optional  A^dth  the  committee)  may  b6  laid  in  mortar  with  25  per  cent, 
"of  quick  lime  mixed  with  75  per  cent,  of  hydraulic  lime,  instead  of 
"being  grouted.'" 

' '  The  said  Wells  and  Bassett  agree  to  clear  and  remove  from  the 
"ground  under  the  whole  embankment  all  perishable  materials,  such  as 
"trees,  stumps,  roots,  and  also  to  remove  all  sods,  muck,  and  everything 
' '  of  that  character,  the  whole  length  of  the  embankment,  for  a  tlistance 
"of  30  feet  each  side  of  the  centre  wall  under  the  highest  part  of  the 
"embankment,  and  a  proportionate  width  where  the  bank  is  of  less 
'  •  height.  It  is  agTeed  and  understood  that  the  top  of  the  embankment 
"when  finished  is  to  be  43  feet  above  the  original  bed  of  the  stream  on 
• '  the  centre  line  of  said  dam,  to  slope  uniformly  at  the  rate  of  one  and 
"  one-half  feet  base  to  one  foot  rise  on  each  side,  to  be  16  feet  wide  on 
"top,  and  level  from  one  end  to  the  other.  It  is  also  understood  that  all 
••perishable  material,  of  whatever  nature,  is  to  be  excluded,  and  the  dam 
"to  be  built  wholly  of  earth  and  masonry,  the  earth  to  be  placed  in  thin 
"layers,  Avet  and  tamxsed  or  beaten  with  a  maul  for  a  distance  of  5  feet 
"each  side  of  the  centre  wall.  The  whole  embankment  to  be  built  in 
' '  layers  not  exceeding  5  feet  each  in  thickness,  and  made  as  solid  as  pos- 
•'sible.  At  no  time  during  the  progi-ess  of  the  work,  is  the  earth  to  be 
"less  than  one  and  a  half  feet  below  the  top  of  the  masonry  until  the 
•'  wall  is  finished. " 

"  For  foundations  of  masonry,  the  said  Wells  and  Bassett  further 
"  agree  to  dig  trenches  3  feet  deep,  or  of  sufficient  depth  to  give  a  firm, 
"  hard  and  secure  bottom  for  the  masonry  to  rest  upon,  and  which  Avill 
"  not  allow  the  masonry  to  settle." 
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Tlie  contract  <ilso  provides  that  "said  dam  be  located  in  such 
"  place  as  the  said  committee  shall  direct,  all  to  be  done  in  a  thorough 
' '  and  workmanlike  manner,  and  in  all  respects  in  strict  conformity  with 
' '  the  directions,  plans  and  specifications,  and  to  the  accei^tance  of  the 
"  said  committee,  or  the  superintendent  emijloyed  by  the  said  committee 
"  to  take  charge  of  the  work." 

On  a  personal  examination  of  the  site  and  remains  of  the  dam,  we 
find  that  the  bottom  is  a  very  compact  hard-pan,  overlaid  by  about  2  feet 
of  coarse  gravel  and  a  few  inches  of  soil.  The  hard-pan  appears  to  be 
impervious  to  water,  or  as  nearly  so  as  any  soil  can  well  be,  and  at  the 
breach  is  Init  slightly  washed,  except  near  the  discharge  pipe,  where 
there  is  a  gully  several  feet  in  depth,  which  may,  however,  be  due  in 
l^art  to  the  former  action  of  the  brook.  The  gravel  overlaying  the  hard- 
pan  is  washed  and  poroiis.  A  small  spring  is  now  to  be  seen  coming  out 
from  under  the  remains  of  the  embankment  above  the  centre  wall,  which 
is  evidently  superficial  and  from  the  gTavel.  The  embankment  is  formed 
of  gravel  similar  to  that  above  described,  but  containing  a  little  loam. 
It  was  taken  from  the  side  of  the  hill  just  above  the  dam.  It  has  scarce- 
ly anything  binding  in  its  character,  and  is  not  capable  of  being  made 
into  a  puddle  which  would  stop  the  percolation  of  water. 

From  the  character  of  the  bottom  and  the  material  available  for  the 
embankment,  it  is  obvious  that  the  chief  reliance  for  retaining  the  water 
must  be  in  the  cement  wall  and  the  complete  union  of  its  base  with  the 
hard-pan  ;  the  main  oflice  of  the  embankment  being  to  support  and  pro- 
tect the  Avail.  It  will  be  seen  from  the  above  quotation  from  the  speci- 
fications that  nothing  more  was  required  than  "trenches  3  feet  deep,  or  of 
"  sufiicient  depth  to  give  a  firm,  hard  and  secure  bottom  for  the  masonry 
"to  rest  ujiou,  and  which  will  not  allow  the  masonry  to  settle  ;  "  the  in- 
tention evidently  being  only  to  secure  a  foundation  sufiicient  to  prevent 
settling,  as  if  for  a  building  or  bridge  abutment,  totally  ignoring  the  vital 
function  of  the  cement  wall,  by  not  adopting  means  to  j^revent  the  pas- 
sage of  the  water  under  it.  It  was  undoubtedly  expected  that  the  em- 
bankment would  prevent  the  water  in  the  reservoir  from  reaching  the 
base  of  the  wall,  and  to  make  this  sure,  the  specifications  provide  "the 
"  earth  to  be  placed  in  thin  laj'ers,  wet  and  tamped  or  beaten  with  a  maul 
"for  a  distance  of  5  feet  each  side  of  the  centre  wall."  Supposing  this  to 
have  been  done  as  perfectly  as  possible  with  the  material,  what  security 
could  it  give  against  a  jiressure  of  40  feet  head  of  water  '?  The  remainder 
of  the  embankment  on  the  up-stream  side,  being  built  in  layers  of  this 
porous  material,  of  5  feet  in  thickness,  could  evidently  not  be  depended 
on  to  supply  the  deficiency. 
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The  water  in  the  reservoir,  we  are  infin-med,  was  always  very  clear,  as 
might  be  inferred  from  the  character  of  the  water-shed  which,  as  far  as 
observed,  consists  of  steep  rocky  pasture  and  woodland.  There  would 
consequently  be  very  little  deposit  of  sediment  on  the  embankmemt, 
which  might  otherwise  in  time  have  rendered  it  m  ater-tight. 

The  specifications  are  also  defective  in  laroviding  for  slopes  of  only 
one  and  a  half  to  one.  They  should  be  at  least  two  to  one  on  the 
outside  and  two  and  a  half  to  one  on  the  inside.  Another  defect  is  in 
providing  for  a  height  of  the  embankment  only  2  feet  above  the  top  of 
the  centre  wall.  The  height  should  be  suflficient  to  protect  the  wall 
completely  from  frost,  which  in  this  climate  requires  5  feet  of  earth  at 
least.  If  the  earth  becomes  frozen  to  the  wall,  it  is  liable  to  heave  and 
fracture  it.  We  do  not  describe  the  discharge  pipe  and  waste- way,  as 
the  failure  in  the  dam  appears  to  be  unconnected  with  them. 

In  the  construction  of  the  work  by  the  contractors,  it  appears  that 
there  Avas  no  sufficient  inspection,  so  peculiarly  important  in  a  work  of 
this  description,  and  during  great  part  of  the  time  none  at  all,  except  by 
the  Directors  of  the  Company  or  their  building  committee,  during  their 
occasional  visits.  The  remains  of  the  dam  indicate  defects  of  workman- 
ship of  the  grossest  character.  The  bottom  of  the  wall  does  not  in  all 
cases  even  rest  upon  the  hard-pan.  It  was  in  evidence  at  the  inquest 
that  the  wall  was  laid  up  dry  and  grouted  5  feet  high  at  a  time.  The  grout- 
ing has  not  completely  filled  the  cavities,  and  the  quality  of  the  mortar  is, 
some  of  it,  very  bad, — as  might  be  exijected  from  this  mode  of  building. 

The  soil  and  porous  gravel  were  only  partially  removed  from  the  base 
of  the  embankment  for  30  feet  on  each  side  of  the  centre  wall,  as  re- 
quired by  the  specifications. 

It  is  jjrobably  not  possible  to  ascertain  with  certainty  the  immediate 
cause  of  the  failure,  but  from  the  evidence  obtained,  we  can  come  to  no 
other  conclusion  than  that  the  water  found  its  way  under  the  wall  at  a 
point  about  100  feet  from  the  discharge  pipo,  causing  a  slip  in  the  em- 
bankment on  the  down-stream  side  of  the  centre  wall,  which,  being  then 
unsupported,  yielded  to  the  pressure  on  the  upper  side,  and  falling  over, 
made  a  l)reach  which  was  rajjidly  enlarged  by  the  wasting  away  of  the 
embankment  and  the  fall  of  other  parts  of  the  Avail. 

It  may  be  asked,  if  this  was  the  immediate  cause,  Avhy  did  it  not  hap- 
pen before,  when  the  reservoir  was  at  a  higher  level  '?  The  answer,  we 
think  would  be,  that  there  has  been  a  gradual  working  out  of  the  gravel 
onder  and  near  the  Avail,  and  loose  i)laces  or  caAdties  formed  which,  when 
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they  liad  uttiiiued  u  cevtuiii   (lcv('l()|)in('iit,  would  suddenly  lead  to   the 
failui-e. 

Tlie  Ooimiutte(^  iiuderstaiid  that  th(^  i)i'iiicii)al  ol)j(H't  of  thtni'  a])poiut- 
meut  to  report  on  tliis  matt(;r  was  to  study  it  as  an  euf^ineeriug  work,  it 
being  (u^neiulcMl  that  usually  more  is  to  Ije  learned  from  om;  failure  than 
many  suceesses  ;  but  it  is  obvious  that  this  eannot  b(^  calhul  an  engi- 
n(;ering  work.  No  (Uigineer,  or  person  ealling  himself  su(;h,  run  be  held 
respcnisible  ft)r  either  its  design  or  execution. 

A(!Cording  to  the  evidence  reported,  it  must  l)e  considered  as  the  work 
of  non-professional  persons.  This  being  the  case,  the  Committee  do  not 
think  it  devolves  upon  them  or  the  Society  to  criticise  its  design  or  exe- 
cution. The  causes  of  a  failure  attended  with  such  disastrous  conse- 
qiX(mces  cannot  fail  to  l)e  iutcresting  to  the  members  of  the  Soci(>ty, 
and  we  have,  endeavorcul  to  point  them  out. 

M]£.  WifjLTAM  E.  WoKTiiEN.* — The  man  in  (diarge  of  the  dam  first  saw 
a  slide  of  eartli  on  Ww  low-wat(ir  side  ;  immediately  tln^  gate  was  op(^n(Hl 
to  releasee  the  watisr  ;  while  doing  this  another  slid(;  occurred,  and  in 
al)out  thirty  miiiut(!s  the  Aviiole  thing  was  on  the  move.  Th(»  jirobability 
is  that  for  years  there  had  been  some  percudation  through  the  embank- 
ment at  this  ])lace,  and  when  the  earth  gave  way,  the  wall  was  left  to 
withstand  the  pressure,  and  gave  way  also. 

Tile  work  was  poor  uncpiestionably,  but  not  so  bad  as  it  might  be. 
Tlu'  c-ontraetor  was  paid  $6\  for  the  masonry,  and  33  cents  for  the  filling 
in.  Tlu!  whoki  sum  paid  him  at  first  was  from  $22,000  to  $24,000,  of 
which  he  testified  h(^  made  .f(),00()  profit  ;  the  County  Commissioners 
tlien  obliged  him  to  spend  !i?lO,(IOO  nioi-e  ;  then  a  work  cost  from  $32,000 
to  $34,000,  which  might  have  been  well  done  for  $15,000. 

The  result  is  this  :  the  company  paid  towards  the  educating  of  that 
contractor  atleast  $15,000,  toAvhich  is  now  to  he  added  at  least  $1,(100,000 
for  damages  caused  by  tlie  failure.  Men  were  employed  who  were 
ignorant  of  tlH>  Avork-  to  be  done,  and  there  was  nothing  like  an  in- 
siicction,  although  money  and  life  depended  upon  it.  I  do  not  believe, 
however  mucli  we  are  an  evolved  .species,  that  we  are  dcu-ived  from 
beavers  ;  a  man  cannot  make  a  dam  by  instinct  or  intuition. 


•■*■  Referring  to  a  model  in  clay,  gave  a  desoription  of  the  dam  before  and  after  the  faihiro, 
i!xUil)itod  specimens  of  the  rock  and  cement  of  which  it  was  made,  and  of  tlic  hard-pau  Hoil 
adjacent. 
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RKSISTANCE  OF  BEAMS  TO  FLEXURE. 

A  Paper  by  John  G.  Barnard,  U.  S.  Engineer  Corps,  Honorary 
Member    of    the    Society. 

Read  June  lOtli,  1874.* 


I.  In  every  beut  beam,  tlie  compressed  fibre  and  the  stretclied  fibre, 
situated  at  units'  distance  from  the  neutral  zone,  develop  elastic  reactions 
always  in  the  same  ratio  as  the  final  resistances  of  the  material  to  rapture 
by  compression  and  extension. 

n.  The  final  resistances  to  instantaneous  rupture  developed  by  flexure, 
whether  in  consequence  of  compression  or  of  extension,  are  essentially 
identical  with  those  developed  by  direct  comj^ression  or  extension. 

III.  Experience  and  theory  united,  lead  us  to  admit  that  the  elastic 
reactions  always  vary  in  proportion  to  the  load  which  produces  flexion — 
even  when  the  load  increases  from  that  which  is  suflicient  to  overcome 
the  permanent  elasticity  of  the  material,  to  that  capable  of  prodiicing  in- 
stantaneous rupture. 

IV.  The  formukF  of  Navier  are,  therefore,  perfectly  aijplicable,  even 
up  to  the  case  of  this  last  mentioned  rupture. 

Hence,  as  a  consequence,  the  hypothesis  that  in  every  bent  beam,  the 
compressed  and  the  stretched  fibres  situated  at  units'  distance  from  the 
neutral  zone,  develop  elastic  reactions  which  are  in  the  same  ratio  as  the 
final  resistances  of  the  material  to  instantaneous  rapture  by  compression 
and  extension  : 

1st.  Explains  all  the  phenomena  ascertained  by  experience,  of  the 
resistance  to  complete  and  instantaneous  rapture  of  straight  beams  sub- 
mitted to  flexure. 


*  An  abstract  of  a  ijaper  on  Resistance  of  Materials,  by  M.  Decomble,  Engineer  of  Pouts  et 
Chaussees  (Journal  clcs  Fonts  et  Cliaussees,  February,  1872;,  with  comments. 
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2cl.  Enables  us  to  determine,  in  all  eii-eumstaui-es,  the  exact  value  of. 
the  co-efficients  of  resistance  to  rupture  by  compression  and  by  exten- 
sion ;  and,  moreover,  to  determine  the  corresponding  resistance  of  which  a 
beam  is  capable,  oi  which  the  form  and  the  co-efficients  belonging  to  the 
material  of  which  it  is  made,  are  given. 

3d.  Is  in  complete  harmony  with  practice  (which  allows  the  loading  of 
beams  (by  dead  weights),  u^^  to  producing  one-third  the  resistance  to  in- 
stantaneous rupture  of  certain  materials),  and  with  the  delicate  exj^eri- 
meuts  of  Wertheim  and  other  experimenters,  which  demonstrate  most 
clearly  that  _;  the  smallest  loads  induce  a  permanent  deformation  of  the 
material  and  a  consequent  impairing  of  its  elasticily,  that  the  material 
may  be  said  to  possess  as  many  elastic  conditions  as  the  different  loads 
to  which  it  may  be  subjected,  up  to  a  certain  (not  to  be  accurately 
defined)  limit,  beyond  which,  subjected  to  support  the  weights  corre- 
sponding, it  ruptures  in  an  inappreciable  time ;  or,  more  explicitly,  every 
load,  however  small,  even  if  it  be  but  the  weight  of  the  beam  itself,  is 
capable  of  producing  rupture,  pro^^.ded  the  trial  is  sufficiently  prolonged. 
It  is  evident,  besides,  that  the  above  is  the  explanation,  at  the  same 
time  necessary  and  sufficient,  of  the  giving  way,  after  the  lajase  of  cen- 
turies, of  masses  of  ancient  construction,  the  best  sheltered  from  the 
action  of  the  weather,  and  which  were  originally  built  of  adequate  dimen- 
sions and  strength. 

What  reason  can  there  then  be  for  the  hypothesis  so  improbal)le,  on 
first  examination,  and  yet  so  universally  adopted,  that  the  elastic  reac- 
tion, under  a  given  weight,  is  always  the  same  for  extension  and  for  com- 
pression, even  when  the  resistance  to  rupture,  as  of  cast-iron  for  ex- 
ample, is  three  times  as  great  for  comin'essiou  as  for  extension  '? 

One  reason  assigned  is,  that  if  a  beam  having  the  cross  section  of  an 
isosceles  triangle  is  supported  by  its  two  extremities,  resting  first  upon 
the  base  of^its  cross  section,  and  then  upon  the  opposite  vertex,  and 
equal  loads  applied  to  the  middle  point,  in  the  two  cases  the  deflections 
will  be  equal. 

The  author  then  goes  into  a  mathematical  exposition  of  the  case  in 
hand,  assuming  Ei  and  Eo  to  be  the  modulli  of  elasticity  for  comj^res- 
sion  and  extension,  and  finds  that  the  hypothesis  of  equality  for  these 
two  quantities  explains  the  phenomenon  of  equal  deflections,  the  neutral 
axis  being,  under  that  hyi^othesis,  the  locus  of  the  centres  of  gra\i.ty  of 
the  cross  sections.  But,  for  the  reasons  assigned,  he  observes  that 
though  the  hypothesis  of  Ei  =  E2  harmonizes  -nith,  and  explains  the 
phenomenon  observed,  it  is  not  probably  essential  to  its  explanation. 
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He  tlieii  takes  up  the  mathematiciil  discussion  again,  and  shows  that 
if  /i  1  and  K_.  are  the  final  resistances  to  compression  and  extension  of 
the  material,  and,  if  in  addition,  the  comiaressed  and  extended  fibres  at 
equal  distances  from  the  neutral  zone,  develop  elastic  efforts  which  are 
in  the  same  projiortion  as  Ki  and  En,  the  phenomenon  of  equal  deflec- 
tions (ur  equal  saijUkf  for  the  different  positions  of  the  beam  of  trian- 
gular section)  is  equally  well  accounted  for,  as  by  the  hypothesis 
El  =  Eo,  which  latter,  the  author  asserts  to  be  radically  discordant 
"  with  all  the  phenomenon  which  practical  construction  is  most  impera- 
tively called  iijpon  to  take  account  of." 

And  he  goes  on  to  say  :  "In  other  Avords,  E^  =  E.  corresponds, 
simply  to  a  particidar  case  of  the  general  problem  ;  a  case  rarely,  per- 
hai^s  never,  encountered  in  practice.  Hence  we  set  aside  this  supposition 
of  El  =  Ej.  whicli  in  all  that  concerns  the  engineer,  has  no  practical 
realization,  and  the  formulfe  of  Naiver,  grounded  on  the  modified  hypo- 
thesis, become  completely  ai^plicable,  even  up  to  the  instant  of  instantane- 
ous rapture.  Moreover,  from  Navier's  formidse,  pro^ierly  applied,  the 
values  of  Ri  and  i?2  can  be  determined  for  any  material  by  experiment 
with  breaking  beams  of  the  material." 

The  author  proceeds  to  describe  the  actual  application  to  the  deter- 
mination of  Jti  and  R2,  (and  the  proper  dimensions  for  flag-stones,  used 
in  covering  an  aqueduct),  and  concludes  with  the  remark  : 

"It  is  to  be  observed  that  the  introduction,  into  the  known  formnlfe, 
of  two  co-efficients — to  resistance  to  rupture  by  comj^ression  and  exten- 
sion, Ry  and  Ro — instead  of  the  single  co-efficient,  styled  'of  resistance 
to  flexure,'  changes  in  no  degi'ee  the  process  of  the  calculations  ordina- 
rily practised  by  engineers,  u-ldle  clmnginfi  the  results  very  consider abh/, 
and  in  a  manner  eminently  useful." 

I  remark,  in  this  connection  (although  it  may  be  implied  from  what 
has  been  said),  that  the  manner  of  calculation  just  mentioned,  involves 
a  position  of  the  neutral  zone  not  containing  the  centre  of  gravity ; 
and,  inasmuch  as  there  is  no  source  from  which  the  forces  acting  across 
a  normal  section  of  a  beam  can  be  derived,  except  from  the  compression 
and  extension  of  fibres,  I  am  inclined  to  maintain  that  resistance  to 
rupture  materially  greater  than  that  due  to  the  co-efficient  of  elasticity, 
iis  calculated  by  ordinary  formulae  (all  essentially  the  same  as  Napier's), 
cannot  lie  accounted  for,  except  by  suiJposing  (with  Hodgkiuson)  that  the 
neutral  zone  does  not  coincide  with  the  centre  of  gravity;  and  hence, 
without  having  an  opportunity  of  investigating  the  grounds  of  Barlow's 
theory,  I  am  inclined  to  think  it  untenable. 

Indeed,  no  one  can  have  had  occasion  to  use  the  received  formula 
derived  from  Napier,  and  which,  in  its  ordinary  form,  involves  the  loca- 
tion of  the  neutral  zone  as  containing  the  centre  of  graAity  and  a  single 
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co-efficieut,  deviveil  froui  the  tensile  strength  idone,  without  perceiving 
that  it  gives  inconsistent  and  unreliable  results.  In  fact,  it  is  founded 
upon  two  assumptions — both  at  variance  with  the  results  of  experiment — 
tirst,  the  constancy  of  the  co-efficient  of  elasticity  (under  all  degrees  of 
strain),  and  second,  tlie  identity  of  that  co-efticient  for  compression  and 
extension. 

In  Morin's  Table  (page  8,  "Resistance  des  Materiaux")  the  co-efficient 
of  extension  for  wrought-ir(ni  is,  near  rupture,  ]>i\t  about  ^Vd  of  what  it  is 
for  slight  tensile  strains;  and  from  the  experiments*  made  by  myself  upon 
ver^-  large  forged  iron  beams,t  the  deduced  co-efficient  of  elasticity  varies 
from  9,558.001)  to  1,482,000  pounds,  according  as  the  beam  is  slightly 
bent  or  bent  to  the  point  of  rupture. 

Another  forged  beam,  of  identical  dimensions,  broke  with  a  Hexure 
of  but  one-third  of  that  the  first  had  undergone,  and  yet  the  calculated 
tensile  strength  was  almost  identical  in  the  two  cases  ;  while  the  trial 
by  direct  rupture,  in  the  testing  machine  at  the  West  Point  Foundry, 
gave  results  20  and  15  per  cent,  smaller. 

Cast-iron  beams  of  identical  dimensions  were  then  experimented  with. 
Of  course,  their  flexure  before  rupture  was  but  trifling  compared  with, 
that  of  the  wi"ought-iron  beams,  and  the  two  observations  of  flexure, 
made  between  the  application  of  force  and  rupture,  gave  almost  identical 
co-efficients  of  elasticity.  Nevertheless,  specimens  of  the  beam  gave  in 
the  testing  machine,  a  tensile  strength  of  only  two-thirds  that  deduced 
from  calculation  founded  on  the  results  of  flexure. 

It  is  clear  enough,  therefore,  that  the  Navier  formula,  in  the  form  in 
wliicli  we  universally  find  it  in  our  engineering  books  of  reference,  is  very 
unreliable. 

If,  therefore,  by  discarding  a  co-efficient,  founded  upon  an  imaginary 
co-efficient  of  elasticity,  and  the  introduction  of  distinct  and  independ- 
ent factors,  symbolic  of  resistance  to  rupture  by  compression  and  exten- 
sion, it  is  shown  that  the  Napier  formula  can  be  made  reliable,  an 
important  ser\T.ce  has  been  rendered  to  engineering  science. 

I  have  not  been  able  to  give  the  time  necessary  to  such  study  of  the 
papers  of  M.  Decomble  as  would  authorize  me  to  do  more  than  quote 
(as  I  have  done)  his  general  results  and  invite  attention  to  the  papers, 


*  The  experiment  was  upou  forged  beams,  of  12  by  15  inches  cross  section,  which  liacl 
been  made  for  an  iron  target,  at  Fort  Mouroo  in  1808.  The  beams  were  subjected  to  thr 
action  of  the  hydraulic  press  for  bending  armor  plates,  at  the  Brooklyn  Navy  Yard. 

t  Fide  XIV,  "Transactions,"  "Experiments  on  the  Front  or  Shield  of  the  experimental 
Casemate  at  Fort  Monroe." 
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■n-hich  will  1)3  t'ouiul  in  tlr^  Ann:iles  (Tes  Pouts  et  Chaussees,  1857,  18(J7 
and  1872,  from  which  last  issue  I  have  translated  the  i-esults  <pi<)ted. 

Mr.  De  Volsox  Wood  : — This  is  a  paper  which  requires  much  thought 
to  make  it  in-otitahle.  One  ov  two  points  mentioned  therein  'have  oc- 
cupied mv  mind  more  or  less.  The  writer  refers  to  some  experiments 
aiad  theories  of  Barlow  ;  that  the  formula  for  rupture  deduced  from 
these,  does  not  give  results  consistent  with  fact  when  a  l»eam  is  strained 
to  the  point  of  breaking,  has  lieen  long  known.  Barlow  attempted  to 
explain  this  by  introdiicing  the  theory  of  "longitudinal  flexure."  After 
mature  deliberation,  I  am  satisfied  his  explanation  does  not  m.eet  the 
case,  and  that  his  theory  is  decidedly  at  fault.  The  cause  of  the  discrep- 
ancy, I  believe,  will  be  foimd  in  the  statement  that  the  neutral  axis 
does  not  coincide  with  the  centre  of  gravity.  Prof.  Norton  made 
some  experiments  in  regard  to  flexure,  in  which  he  introduced  the  theory 
of  ■'  transverse  shearing" — but  this  is  not  sufficient.  The  elements  re^ 
ferred  to  by  the  French  engineer  (pioted,  I  have  considered  somewhat, 
without  knowing  that  he  was  investigating  them,  but  I  am  not  sure  that 
the  hypothesis  named  Avill  account  for  the  discrepancies  in  Barlow's 
theories. 

The  tensile  strength  of  cast-iron  is  one-half  to  two-thirds  the  modulus 
of  rupture,  which  agrees  with  the  experiments  of  Barlow  and  the  ratios 
obtained  from  the  many  experiments  made. 

Me.  Baknabd. — In  this  j)aper  I  have  referred  to  one  read  by  me  be- 
fore the  Society*,  giving  an  account  of  experiments  on  an  iron  target  for 
the  front  of  a  casemate  at  Fort  Monroe,  f  This  target  resisted,  without 
actualh'  giving  way,  quite  a  number  of  shots,  and  among  them  one  of  the 
most  powerful  that  up  to  that  time  had  ever  been  fired.  To  my  surprise, 
one  of  the  first,  iind  not  a  very  heavy  shot,  cracked  a  beam  in  two,  and 
some  of  the  others  were  lu'oken,  all  showing  a  marked  ciystalline  fracture. 

It  was  desirable  to  know  what  these  beams  would  resist  under  pres- 
sure— and  they  Avere  tested  in  a  hycb'aulic  jDress,  the  strain  lieing  applied 
in  the  centre  between  two  supports  6  feet  ajjart.  The  first  beam  de- 
flected 3  inches  before  breaking  ;  the  consequent  extension  and  compres- 
sion of  the  outer  fibres  was  remarkable,  the  former  approximating  what 
]Morin  has  given  for  small  Avire.     Before  the  trial  the  beam  was  straight 


*  February  2cl,  1870.     XIV  ;  Transactions. 

t  The  target  was  composed  of  two  12-inoh  wrought  iron  plates,  i  feet  broad,  one  on  each 
side  of  the  embrasure,  each  plate  being  sni^ported  on  the  back  by  two  vei-tical  wrought  iron 
posts  or  beams,  12  by  1.5  inches,  which  were  bolted  to  the  plates,  and  stepped  above  and  below 
into  granite  masonry. 
10 
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and  of  rectangular  sectiou;  after  fracture,  the  broken  section  was  tliree- 
fourths  inch  narrower  at  the  bottom  than  at  the  top,  and  for  about  12 
inches,  the  beam  was  bent  to  the  curve  of  flexure.  It  is  evident  from  the 
change  of  transverse  section,  an<l  conse(|nently  of  the  location  of  its 
centre  of  gravity,  that  there  was  also  a  change  in  the  ventral  zone.  The 
fracture  was  decidedly  crystalline,  the  crystals  being  somewhat  smaller 
than  exhibited  by  the  beams  broken  l)y  shot. 

It  is  almost  certain  that  the  beams,  fractiired  by  shot,  did  not  re- 
sist anything  like  so  much  as  those  imder  the  press.  In  the  first  case, 
there  was  no  a^aparent  set,  although  the  material  was  the  best  forged 
charcoal  iron,  and  without  a  sign  of  flaw  or  crack. 

This  seems  to  be  the  only  experiment  in  which  very  large  f  orgings  have 
been  broken  by  impact  and  pressure. 

Mb.  Robert  H.  Thurston. — It  is  singular,  this  diA'crenee  in  the 
effect,  whether  a  fracture  is  caused  quickly  or  slowly.  The  velocity  of 
the  shot,  at  the  time  of  impact,  must  have  been  so  great,  that  the  period 
of  breaking  the  beams  was  exceedingly  brief.  It  has  been  shown  that  a 
rapidity  of  fracture  changes  the  nature  of  the  material,  and  decreases  its 
powers  of  resistance. 


XCII. 

DRAW-SPAN'S  AND  THKIR  TURN-TAHLES. 

A  Paper  by  C.  Shaler  Smith,  C.  E.,  Member  of  the  Society. 

Eead  June  10th,  1874. 


In  presentiug  a  paj^er  on  the  above,  the  writer  feels  it  his  duty  to 
state  in  the  outset  that  much  of  what  follows  is  intended  for  the  "  non- 
specialist  "  members  of  the  Society,  and  is  in  answer  to  numerous  letters 
of  enquiry  concerning  these  subjects. 

Dkaw-Spans,  as  usually  constructed,  may  be  divided  into  two  classes; 
the  suspended  girder  or  "  hog-chain  draw,"  and  the  continuous  girder 
or  "  cantilever  draw. " 

In  the  suspended  girder  type,  there  are  two  ordinary  spans,  one  over 
each  Oldening  or  bay,  these  spans  being  supported  at  the  outer  ends  by 
suspension  chains  running  back  to  a  central  tower  resting  on  the  turn- 
table. The  outer  ends  of  these  suspension  chains  may  be  attached  to 
either  the  upper  or  lower  chord  of  the  trusses.  The  strains  in  this  form 
of  draw-span  are  simijle  and  unambiguous.  Each  girder  is  proportioned 
as  for  an  ordinary  fixed  span,  and — if  the  suspension  chains  are  attached 
to  the  upper  chord — the  chains  and  tower  wiU  only  have  the  easily 
defined  strains  arising  from  the  weight  of  the  suspended  spans  to  resist 
while  rotating,  and  this  condition  is  not  changed  unfavorably  when  the 
bridge  is  in  place  and  loaded,  as  the  upper  chord  is  shortened  by  the 
action  of  the  load,  and  this  relieves  the  tension  on  the  chains.  If,  how- 
ever, the  susi)ension  chains  are  attached  to  the  lower  chord — a  member 
which  elongates  under  the  effects  of  a  load — each  will  resist  this 
elongation  in  proportion  to  the  angle  formed  by  chain  and  chord, 
modified  by  the  elevation  given  to  the  ends,  and  the  relative  sectional 
areas  of  the  chain  and  the  tensile  members  of  the  lower  chord,  the 
middle  section  of  the  latter  being  taken  as  a  factor  in  the  calculation. 
After  computing  the  additional  stress  in  a  chain,  caused  by  this  action 
of  the  lower  chord,  the  former  must  be  increased  in  section  to  meet  it, 
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iind  the  lattex-  may  be  decreased  to  the  same  amount  in  its  tensile  mem- 
bers. In  ijoint  of  economy  the  suspended  girder  draws,  if  properly  i>ro- 
l^ortioned,  are  etpial  to  the  continuous  girders  up  to  about  280  feet  total 
length,  and  they  are  more  easily  constructed  and  erected. 

The  continuous  girder  draw  is  now  the  favorite  type  in  this  country, 
and  has  been  constructed  in  spans  of  a  constantly  increasing  length, 
until  at  the  Louisiana  bridge  one  has  been  built  442  feet  over  all.  The 
earlier  bridges  of  this  character  Avere  proportioned  on  the  hyijothesis 
that  when  opened,  the  truss  was  a  beam  sujjported  at  the  middle,  and 
when  closed,  it  was  resolved  into  two  independent  fixed  spans.  In  prac- 
tice, these  conditions  are  very  diflticult  of  fuliillment,  especially  in  the 
cases  of  large  spans,  as  the  following  will  illustrate.  For  the  assump- 
tion to  be  correct,  it  is  necessary  that  with  both  spans  fully  loaded, 
there  should  be  no  tension  over  the  centre  pier.  A  360  feet  draw 
weighs  about  700,000  i)0unds,  and  to  jiroduce  the  condition  required, 
it  is  necessary  that  the  outer  ends  shall  be  raised  until  one-half 
the  total  weight  has  been  elevated  a  dist'ince  of  ()  inches  (assuming  the 
central  depth  of  the  draw  to  be  one-t  'Uth  of  tlie  total  length,  or  36  feet). 
To  do  this,  requires  an  expenditure  of  force  to  the  extent  of  175,000 
foot-pounds,  or  the  work  of  one  man  doing  his  best  for  35  minutes.  The 
cost  of  this  work  tlius  expended,  however,  is  a  serious  objection.  The 
formula  for  the  spans  when  swung  being  common  to  all  systems,  another 
and  more  correct  theory  of  calculation  is  to  consider  the  bridge  when 
fully  loaded  as  a  continuous  beam  resting  on  3  supports.  In  this 
case,  the  span  should  be  built  without  any  allowance  for  camber,  and  the 
jack-screws  at  the  ends  given  play  enough  to  bring  the  outer  pier  bear- 
ings to  an  exact  level  with  the  bearings  at  the  centre  pier. 

When  a  draw-span  is  proportioned  upon  this  principle,  the  simplest 
method  of  obtaining  the  chord  strains  when  tlie  bridge  is  loaded  from 
end  to  end,  is  to  calculate  them  as  for  a  fixed  span  of  the  same  weight 
and  load  per  panel,  but  this  fixed  span  to  be  considered  as  one-third 
(oiKjer  than  the  half  span  of  the  draw.  Three-fourths  of  the  strain  in  the 
middle  panel  t)f  this  supposititious  span  is  the  true  strain  over  the  centre 
pier  of  the  real  draw-span,  and  the  chord  strain  in  each  separate  panel  is 
obtained  by  deducting  this  j^ier  sti'ain  from  each  panel  stress  in  succes- 
sion. Thus,  sujipose  the  draw  arm  is  a  jjlain  Pratt  truss,  G  panels  long, 
with  single  intersections,  straight  end  posts,  and  ties  at  45  degrees,  the 
weight  for  one  truss  Ijeing  10  tons  per  panel.  Now,  to  obtain  the  chord 
strains  desired,  we  calculate  with  precisely  the  same  data  as  for  a  fixed 
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span    out' -third    louger,    or    8    pauels  iu    length.       The  strains   in   this 
Avill  be— panel  A  35  tons,  B   60,  Fir/.  1. 

C  75,  and  I)  80  tons — and  the  pier    a      b       c      d 

strain  will  be  three-fourths  of  80 
tons,  or  60  tons. 

The  panel  strains  Avill  then  be,  in  the  true  6  panel  truss  : 
Central  iJanel  ^  -|-  00  tons  —  60  tons  =  —  60  tons. 


Panel  ^  =  +  35     ' 

'     —  60     ' 

'     =  —  25 

^'      B  =  +  60     ' 

'     —  60     ' 

'     =  ±  00 

"     coutraflexure 

"      C  =  4-  75     ' 

'     —  60     ' 

'     =  +  15 

"      D  =  +  80     ' 

'     —  60     ' 

'     =  +  20 

"      D  =  +  75     ' 

'    —60     ' 

'     =  +  15 

"      r  =  +  60     ' 

'    —  60     "     =  ±  00 

' '     end  of  truss. 

Fir,.  2. 

To  check   the   pier   sti 

_c_,|...— , .,  ol)tained  above,  multiply  the  span 

i  of  draw  arm  by  Aveight  of   same, 
and  diAdde  by  6  times  the  depth. 
Thus,  iu  the  case  al)ove,  the  draw  arm  is  6  panels  long,  one  panel  deep, 

6  X  6  X  10 


and  Aveighs  10  tons  per  panel,  therefore. 


6 


60  tons. 


To  calculate  the  strains  on  ties  and  posts  Avhen  the  truss  is  fully 
loaded,  one-third  the  distance  from  each  end  j^ier  is  to  be  considered  the 
middle  of  the  draw  arm.  To  obtain  the  greatest  counter-strains,  calcu- 
late a  series  of  strains  according  to  the  foregoing,  but  for  the  dead  load 
alone,  prefixing  to  all  stre.sses  the  signs  plus  or  minus,  according  as  they 
are  compression  or  tension.  Then  compute  the  strains  for  the  live  load 
alone,  on  one  span  only,  as  for  an  ordinary  fixed  span,  and  add  or  sub- 
tract these  strains  to  or  from  those  of  the  dead  load,  as  the  like  or  unlike 
signs  may  indicate. 

Where  one  chord  of  a  draw  is  entirely  or  partially  coA-ered  by  a  floor, 
and  the  other  is  not,  there  is  a  constant  A-ariation  of  the  elcA'ation  of  the 
ends,  owing  to  the  iincovered  member  being  much  more  raj)idly  affected 
by  heat  or  cold  than  the  other.  So  great  are  these  changes,  that  the 
writer  has  seen  a  depression  of  a  full  inch  take  place  in  the  ends  of  a  draw 
360  feet  long,  by  9  o'clock  in  the  morning  of  a  day  Avhereon  a  bright, 
warm  sun  had  succeeded  to  a  cold,  frosty  night.  At  3  o'clock  in  the 
afternoon  the  lower  chord  had  become  of  the  same  temjjerature  as  the 
rest  of  the  structure,  and  the  bridge  was  level  again.  In  like  manner  the 
ties  and  uncovered  chord  may  lose  their  heat  in   case  of  a  svidden  cold 
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spell  or  a  sleet,  niucli  sooner  than  the  i)rotected  chord  and  the  posts 
(especially  Avhere  these  last  enclose  a  body  of  warm  air).  In  this  case, 
the  draw  arms  rise  instead  of  drooping  as  before.  In  the  first  instance 
the  counter-strains  in  the  chords,  near  the  middle  of  the  draw  arm,  are 
liable  to  become  greater  than  calculated  on,  and  in  the  second,  the 
strains  over  the  jiier  may  be  much  increased  al)0ve  the  theoretic  strains 
at  that  point  as  determined  l)y  either  of  the  foregoing  systems  of  com- 
putation. 

It  is  perfectly  possible  through  this  action  of  the  temperature,  com- 
bined with  carelessness  ou  the  part  of  the  attendants,  for  a  train  to  come 
on  a  draw-bridge  when  the  latter  is  ujj  so  high  that  there  is  practically  no 
pressure  on  the  end  bearings.  In  this  case,  the  pier  strain  is  clearly  that 
due  to  the  dead  load  with  the  span  s-\\dnging,  jjIus  the  live  load  acting  on 
a  continuous  beam  supported  on  3  points.  Taking  the  example  before 
cited,  and  considering  7  of  the  10  tons  per  panel  as  live  load,  and  3 
tons  as  dead  load,  we  would  have 

from  dead  load,    '  ^  ^  -^      =  54  tons  stress. 
2 

li     T  a      7X6X6  ,,-j      ,,         ,, 

"     live       "  ,      ^^  ^^^      =  42      "         " 

6 

and  total  pier  strain  =  9(;     ^         ,^i 

"^liile,  if  the  draw  had  been  proportioned  on  the  first  system,  the  theo- 

3X6X6 
retic  strain  Avould  be  ;  from  dead  load  only, ^ =  54  tons  ;   and 

10  X  6  X  6 
if  liy  the  second  system,  dead  and  live  load  combined,  ^ =  60 

tons  stress. 

In  view  of  these  facts,  the  safest  method  of  computing  the  stresses  in 
a  continuous  girder  draw-bridge  is  the  following  : 

First,  comjjute  chords,  ties  and  posts,  for  dead  load  alone  ;  and  with 
the  draw  swung. 

Second,  compute  for  live  loads  alone  acting  on  a  continuous  beam  * 
and  add  or  subtract  these  strains  to  or  from  those  first  obtained,  accord- 
ing as  their  signs  agree  or  disagree. 

Lastly,  calculate  for  ties  and  posts  as  per  second  method,  but  for 
live  load  alone,  and  add  or  subtract  these  strains  according  as  they  are 
main  or  counter  stresses,  to  or  from  those  strains  already  in  these  mem- 
bers, from  the  dead  load. 


*  Method  given  on  page  131. 
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This  will  give  the  extreme  strains  when  both  arms  are  loaded  from 
eud  to  end.  and  in  ease  a  train  has  come  on  the  bridge  when  the  ends  are 
barely  lonchiug  the  bed-plates. 

Then  eompnte  for  chords  as  for  a  ccmtinnons  girder,  per  second 
method  ;  but  for  dead  load  alone,  and  next  then  calculate  live  load  only, 
for  one  draw  arm,  treating  it  as  a  discontinuous  girder.  By  ranging  these 
two  series  of  strains  together,  and  adding  or  subtracting  as  the  signs  in- 
dicate, there  will  be  obtained  the  greatest  possible  reverse  strains  on 
the  chords,  at  a  time  when  from  the  effects  of  temperature  the  bridge 
has  sunk  on  to  the  end  bearings,  and  only  one  draw  arm  is  loaded. 

There  will  still  remain  some  posts  and  ties,  for  which  the  extreme 
strains  have  not  lieen  found.  To  find  these,  use  the  ordinary  formula 
for  the  rolling  load,  considered  as  advancing  from  abutment  to  centre 
pier,  and  add  the  strains  thus  obtained  to  those  arising  from  the  dead 
load  already  calculated  for  the  same  members,  with  the  span  swijiging. 
Then  perform  the  same  operation,  but  Avith  the  load  going  off  the  bridge, 
and  for  each  counter  tie  deduct  the  strain  in  the  main  tie  in  the  same 
panel.  This  completes  the  work  ;  the  figures  obtained  by  each  method 
for  each  member  should  then  be  ranged  in  columns,  and  the  proportions 
made  large  enough  to  cover  the  greater  plus  and  minus  strains  Avhich 
can  come  on  any  member  under  any  of  the  varied  conditions  given  in 
the  foregoing.  This  done,  the  elevation  given  to  the  ends  of  the  draw 
arms  should  be  that  due  to  the  greatest  possible  rise  and  fall  from  the 
effects  of  temperature. 

TiiKN-TABLES.  — Appended  to  this  is  a  Table  giving  the  results  of  a  series 
of  experiments  on  opening  and  closing  11  large  draw-bridges  ;  9  of  these 
rest  entirely  on  the  wheel  circle,  the  centre-pin  carrying  no  weight  what- 
evei'.  In  the  Rock  Island  draw-span,  the  weight  is  mainly  on  the  wheel 
circle,  and  the  relative  proportions  being  accurately  known,  the  resist- 
ance is  equated  and  computed  as  combined  on  the  centre  line  of  the 
whael  circle.  The  Ai'kansas  bridge,  however,  is  on  a  centre-pin  turn- 
table, the  wheel  circle  being  intended  simply  as  a  steadying  element. 
The  centre-pin  liaAdng  settled  somewhat,  so  that  an  unknown  portion  of 
the  weight  is  borne  Ijy  the  wheel  circle,  it  was  necessary  to  consider  the 
whole  of  the  resistance  as  concentrated  first  on  the  wheel  circle,  to  obtain 
the  co-efficient  of  rolling  friction  in  the  event  of  that  assumption  being 
correct,  and  next  to  ascertain  its  value  in  case  the  weight  is  all  on  the 
centre-i:)in. 

Of   the   draws   tested,    5  had   wheels  of   32   inches   diameter  and  5 
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iuches  tread,  one  had  wheels  of  30  inches  diameter  and  14  inches  tread, 
one,  (the  Ai"kausas)  of  16  inches  diameter  and  (5  iuches  tread,  while  the 
wheels  of  the  remainder  were  of  18  inches  diameter  and  fi  inches 
tread.  In  spite  of  these  difierences,  however,  there  is  a  marked  nui- 
formity  in  the  final  co-efficient,  except  in  the  case  where  the  strain  is 
referred  to  the  centre-pin. 

In  these  tests,  an  accurate  dynamometer  was  attached  to  the  capstan 
bar  of  the  driving  shaft,  5  feet  from  the  centre  of  the  shaft  (except 
for  the  Arkansas  draw,  wdiere  it  was  7  feet),  and  the  readings  carefully 
taken  while  the  draw^  was  opened  and  closed  a  sufficient  number  of 
times  to  ensure  a  correct  average  of  the  work  usually  expended  in  this 
ojjeration.* 

Referring  to  the  Table,  B  =  multiplication  of  power  from  the  end  of 
a  bar  5  feet  long  to  the  pitch  line  of  rack  circle  and  C,  to  the  center  line 
of  wheels,  D  ^  Ay<^  B  ^=  jiower  applied  at  the  pitch  line  of  rack  circle 
and  E^  Ay^C  ^^  resistance  at  the  center  line  of  w^heels,  each  in  pounds. 

The  deductions  drawn  by  the  writer  from  these  and  many  other  ex- 
periments not  here  recorded  (because  they  would  render  the  Table  too 
complicated),  are  : 

First,  it  is  unnecessary  to  carry  any  part  of  the  weight  of  a  draw- 
span  to  a  centre-pin,  for  the  purj^ose  of  lessening  friction,  as  the  object 
can  be  readily  attained  without  it. 

Second,  for  short  spans,  uncertain  foundations,  or  bad  masonry,  the 
centre-pin  turn-table  is  preferable,  and  for  this  centre-pin,  a  pair  of 
plane  surfaces,  well  oiled,  and  so  proportioned  that  the  weight,  while 
moving,  cannot  exceed  800  pounds  per  square  inch  on  these  surfaces, 
will,  in  the  long  run,  give  as  good  practical  results  as  any  anti-friction 
arrangement  that  can  lie  adopted. 

Third,  in  turn-tables  carrying  the  whole  weight  on  the  wheel  circle, 
as  good  results  can  be  obtained  from  18-incli  as  from  80-inch  ^\•heels, 
provided  the  weight  per  wheel  is  diminished  in  proportion. 

Fourth,  the  wider  the  tread  of  the  wheel  the  greater  the  friction 
from  imperfections  of  workmanship. 

Fifth,  where  2  turn-tables  of  precisely  the  same  pattern,  and 
equally  well  set  up,  are  placed,  one  on  good  and  the  other  on  poor 
masonry,  there  can  be  as  much  as  50  per  cent,  difference  in  the  co- 
efficients of  friction. 

*  The  strain  of  the  Rock  Island  draw  was  obtained  from  pressures  ou  a  hydraulic  jack. 
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Sixth,  by  making  the  distance  rim  of  the  wheel  circle  vertically 
flexible,  the  excess  of  friction,  due  to  imperfect  masonry,  can  be 
materially  diminished. 

Lastly,  judging  from  results,  the  best  adjustment  of  average  weight  per 
wheel  is  2,000  jjounds  per  inch  of  tread  at  18  inches  diameter  of  wheel, 
and  increasing  directly  as  the  diameter.  Thus,  the  maximum  average 
weight  on  a  wheel  18  by  6  inches  would  be  12,000  pounds,  while  on  a 
wheel  30  by  14  inches  it  should  not  exceed  14  X  2,000  X  i4  =  46,666 
pounds,  and  on  a  wheel  32  by  5  inches,  5  )<  2,000  X  xt  =  17,777  pounds. 

The  summary  of  the  process  of  proportioning  a  turn-table  in  Avhich 
the  weight  is  to  rest  entirely  on  the  outer  Avheels.  is  as  follows.  After 
adopting  size  and  tread  of  wheel,  adjust  diameter  of  the  table  so  that 
the  wheels  will  not  l)e  overloaded.  Comliined  with  this,  however,  is  the 
consideration  that  the  span  should  rest  on  the  cii'cular  girder  at  4 
points  exactly  equiiTistaut  from  each  other.  Where  possible,  therefore, 
the  central  panel  should  be  exactly  the  same  length  as  the  width  be- 
tween chord  centres,  and  the  4  pier  posts  will  then  rest  on  the  table  in  a 
perfect  square,  the  diagonal  of  this  square  being  the  diameter  of  the  turn- 
table. Thus,  suppose  the  distance  between  chord  centres  of  the  trusses 
is  16  feet,  then  the  centre  i)anel  should  also  be  16  feet,  and  the  diameter 
of  the  wheel  circle  v  16-  X  l^'  =  22,627  feet.  This  secures  absolute 
equality  in  the  distribution  of  the  weight.  Should  the  weight  become 
too  great  per  wheel,  or  the  span  be  too  long  for  the  diameter  of  the 
table  as  thus  fixed,  the  wheel  tread  may  be  widened  (a  greater  tread  than 
10  inches  is  not  advisable)  or  the  wheel  circle  may  be  enlarged.  In 
this  last  case,  the  span  may  be  carried  on  cross  girders,  resting  on  the 
quadrant  points. 

Assuming  that  the  whole  of  the  dead  and  live  load  borne  by  the 
centre  pier,  during  the  passage  of  a  train,  can  be  thrown  upon  8 
of  the  wheels,  2  at  each  corner,  jiroportiou  the  wheels  to  suit  this 
strain,  and  the  sectional  area  of  the  wheel-flange,  as  thus  determined, 
multiplied  by  1.8,  will  be  sufficient  for  the  Ft)/.  3. 

tread  sections  of  the  base  ring  and  the  main  ilni 

circular  girder.       To  obtain  the  area  of   the      \ 


^ 


top  and  bottom  flanges  ot  the  cu-cular  gn-der,       ,  f?^   fnr^     ,rr-T^   (g:;S^ 
^  t.        5        'Ui^  C^    v^  Uyy 

tf  1^ __-__.jj^ 


it  is  sufficient  to  consider  it  as  unsui:)ported 

by  the  2  wheels  immediately  under  the  main  posts,  and  the  girder  as  a 

beam  extending  from  a  to  h. 

In  order  that  the  load  may  be  so  distributed  over  all  the  wheels,  that 
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those  farthest  from  the  i)oiiits  where  the  truss  rests  on  the  table 
sliall  bear  while  the  draw  is  turning  at  least  one-half  of  the  weight 
borne  by  those  inimediately  under  the  posts,  it  is  necessary  to  shorten 
tfie  upper  flange  of  the  table  at  the  4  points  equidistant  from  the 
l)ost  feet,  sufficient  to  give  an  upward  spring  to  the  girder  under  them 
equal  to  one-half  the  deflection  due  to  the  weight  on  the  post, 
acting  as  a  distribiited  load  over  a  quarter  segment  of  the  girder 
considered  as  a  straight  beam,  supported  in  the  middle,  and  uniformly 
loaded.  The  Aveight  of  the  span  in  forcing  down  this  upward  curva- 
ture transmits  the  proper  projiortion  of  pressure  to  the  further  wheels. 

To  obtain  the  power  required  and  its  most  economical  multiplication 
for  hand-power,  proceed  as  foUoAvs  :  for  sum  of  resistances  at  centre 
line  of  wheels — multiply,  in  pounds,  weight  of  (Irau^-apan  and  main  circle 
plus  liatf  the  weujlit  of  wheels  and  spider  frame,  hij  7  and  divide  bi/  1,000, 
the  result  Avill  be  the  constant  of  frictional  resistance  to  be  overcome  at 
this  point.  Multij)lying  this  constant  hj  the  length  of  a  quarter  seg- 
ment of  the  wheel  circle  and  diA'iding  by  10,000  will  give  the  number  of 
minutes  required  for  one  man  to  open  the  draw. 

To  obtain  the  most  economical  multiplication  of  power,  divide  this 
constant  by  40  for  each  man  intended  to  be  used  in  working  the  draw. 

For  exanq^le, — take  a  3G0  feet  draw-span  Aveighing  700,000  pounds, 
diameter  of  table  250  feet,  the  constant  of  resistance  at  Avheel  line  is, 

700,000    -7  4,900  X  20 

fOOO =4,000  pcninds  and       iTYqoo —   ==9.8   minutes    a're    re- 
quired for  one  man  to  open  or  shut  the  druA^•.     4  men  can  oi)en  it  in  2^^ 

4,900 
minutes,  and  the  multiplication  of  power  slioidd  be  ,  ',^  77.  ^  30.6  :  or  if 

only   2   men    can   be    afforded,    the    time   of    opening    Avill   become   5 
minutes,  and  the  multii)lieation  of  poAver  ^v^  jn  =  t>l-2.     Where  steam 

A  y^  4:U 

is  to  be  used,  the  gearing  should  be  calculated  for  a  piston  speed  of 
200  feet  per  minute,  Avith  50  pounds  pressure  in  the  cylinder. 

In  designing  a  centre-pin  turn-table,  the  weight  may  be  carried  in  to 
the  pin,  either  by  a  single  cross  girder,  a  suspended  circular  or  square 
girder  frame,  or  by  either  of  these  last  resting  on  struts  instead  of  being 
carried  by  rods.  In  either  case,  however,  there  should  be  a  circle  of 
steadying  or  trailing  wheels,  in  order  to  keep  the  span  level  Avhile  turn- 
ing, and  this  circle  should  have  about  the  same  diameter  as  Avould  be 
required  for  a  Avheel-bearing  table,  as  it  is  tolerably  (;ertain  that  sooner 
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or  later  the  wheel  cin-le.  will  carry  u  large  portion  of  the  weight.  The 
bearing  surface  of  the  centre-pin  should  be  so  large  that  the  weight  of 
draw  and  circular  girder  will  not  l)e  sufficient  to  grind  out  the  unguent 
while  rotating,  or  in  other  words  should  not  exceed  800  jjounds  per 
square  inch. 

To  obtain  the  frictional  resistance  at  circumference  of  centre-pin,  mul- 
tiply, in  pounds,  weight  of  span  and  circular  girder  plus  half  weight  of 
wheels  and  spider  frame,  by  90  and  divide  by  1,000. 

To  obtain  the  time  required  for  one  man  to  open  the  draw,  multiply 
the  constant  thus  found,  h\  one-fourth  the  circumference  of  the  centre- 
inn  and  divide  by  10,000. 

The  most  economical  multiplication  of  power  is  obtained  as  before, 
by  dividing  the  frictional  resistance  by  40,  for  each  man  to  be  employed. 

To   illustrate — taking  the   same  case  as  before,  of  a  draw  weighing 

700,000  pounds,  we  have     /  "^^O'COO       j^^^  ^  gg  inches  for  diameter  of 

V      800 

700,000X90 
centre-pm ;  and  for  frictional  constant,  ..  ,^^^ =:    63,000    pounds. 

One-fourth  the  circumferential  distance  is  25.9  inches,  or  2.16  feet;  there- 

63,000   <  2.16 
fore,   -.  ,^  . .^^^ =  13.6  minutes  are  required  for  one  man  to  open  the 

draw,  and,  taking  4  men  as  liefore,  ~^ — -  =  400  per  cent,  is  the  proper . 

40  ><  4 

multiplication  of  power.  Multiplying  to  40  by  means  of  gearing,  tlie 
dia.meter  of  the  rack  circle  to  give  the  necessary  leverage  should  be  27-^ 
feet,  and  that  this  diameter  is  the  same  as  required  for  the  25^  feet 
wheel-bearing  table,  jireviously  calculated,  is  e\ddence  that  the  jjower  is 
sufficient  for  the  weight,  whether  carried  on  the  centre-pin  or  trans- 
ferred to  the  trailing  wheels  by  the  settlement  of  the  centre. 

Where  the  foundations  are  liad,  it  is  advisable  to  use  a  combination  of 
the  two  systems  with  an  adjustment  by  which  a  greater  or  less  propor- 
tion of  weight  may  be  transferred  from  the  wheels  to  the  pin,  or  rice 
versa ;  some  of  the  finest  turn-tables  in  this  country  are  built  upon  this 
principle. 

In  conclusion,  the  writer  deems  it  proper  to  state  in  reference  to  the 
three  methods  of  proportioning  draw-spans  mentioned,  that  while  the 
last  is  undoubtedly  the  most  correct  and  the  safest,  yet  large  draw- 
bridges built  according  to  the  two  first  do  their  work  thoroughly  and 
well,  and  seem  likely  destined  to  last  as  long  as  any  more  modern. 
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Mk.  Clemens  HekscheIj  : — I  liave  been  iiiiich  interested  in  the  paper 
just  read,  pnvticiilarlY  in  that  part  which  refers  ti)  the  ealcnlatiou  of  the 
strains  in  dra^\•-bridg•es.  I  having  recently  completed  such  a  process, 
and  althongh  the  prol)Iem  is  an  intricate  one,  there  is  no  gTeat  difficulty 
in  it.  I  will  endeavor  at  some  futui-e  day  to  contribute  a  paper  to  the 
Society  on  this  sul)ject. 

Mr.  Chakles  Macdonald  : — I  have  prepared  a  note  on  the  rolling 
friction  of  draw-bridges  where  the  weight  is  carried  entirely  on  the  centre, 
which  may  be  of  interest  in  connection  with  this  paper.  We  have  before 
us*  what  many  will  recognize  as  the  remains  of  a  Sellers'  centre,  used  ex- 
tensively for  turn-tables  and  draw-bridges  to  reduce  friction,  the  material 
of  which  it  is  constructed  is  steel  throughout.  The  conical  rollers  are 
turned  to  accurately  tit  in  the  grooving  of  the  bases,  or  rings,  the  upper 
one  of  which  receives  the  weight  to  be  revolved,  and  the  loAver  one  rests 
on  a  cast-iron  seat  having  a  semispherical  bearing  on  the  loAver  side,  which, 
permits  sufficient  rocking  motion  to  prevent  cramjnng  in  the  steel-box. 

This  particular  specimen  came  to  grief  under  an  extraordinary  press 
of  V)usiness,  at  the  Point  Street  Draw^-bridge,  Providence,  R.  T.,  and  is 
submitted  as  an  illustration  of  what  may  not  be  done  under  similar  cir- 
cumstances. The  Point  Street  Bridge  has  been  described  elsewhere  and 
it  is  only  necessary  to  refer  to  the  accompanying  sketchf  to  under- 
stand the  method  adopted  in  transferring  the  weight  of  the  bridge  to 
the  centre.  It  will  be  observed  that  there  are  4  radial  arms,  at  the  ex- 
tremities of  which,  the  trusses  are  su^jported,  they  in  turn  are  coml)ined 
upon  a  central  bell-shaped  casting,  which  rests  upcm  the  upper  portion 
of  the  steel  roller  box,  the  lower  i^ortion  of  the  box  resting  upon  the 
rocker  casting  above  referred  to.  These  rollers  carry  an  average 
Aveight  of  300  tons,  and  as  there  are  22  of  them,  each  3-^  inches 
long,  there  must  have  been  a  strain  of  nearly  4  tons  per  lineal  inch  of 
roller,  supiiosiug  the  loading  to  have  been  uniform  upon  each.  Mr. 
Sellers,:}:  the  maker  of  these  centres,  informs  me  that  he  considers  him- 
self perfectly  secure  with  a  load  of  3^  tons  per  lineal  inch,  providing  the 
bearing  surfaces  upon  the  upper  and  lower  sides  of  the  boxes  are  turned 
to  tit  wdth  perfect  accuracy.  He  says  the  thickness  of  the  l)oxes  is  }iot 
sufficient  to  prevent  any  unevenness  in  the  bearing  from  l)eing  trans- 
mitted through  to  the  grooved  surfaces  in  which  the  rollers  revolve. 

•'=  Referring  to  the  jiarts  of  a  draw-bridge  pivot  presented. 
t  From  Engineering  (London),  March  21st,  1873. 
t  Of  William  Sellers  &  Co.,  Philadelphia. 
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111  tliis  Ciise  the  lii^iriug  surfaces  on  the  upper  iind  lower  eastings 
were  not  tnrued  smooth  in  a  lathe,  but  being  dry  sand  eastings  made 
with  special  care,  I  considered  at  the  time  that  the  bearings  were  quite 
good  enough.  Unmistakable  failure  has  taken  place  however,  and  I  am 
not  prepared  to  dispute  Mr.  Sellers'  opinion,  that  one  of  the  causes 
is  due  to  imperfect  fitting  ;  birt  in  my  judgment  the  controlling  defect 
is  to  be  found  in  the  excessive  load  upon  the  rollers. 

The  Point  Street  Draw  has  been  opened  for  the  passage  of  river 
craft  from  100  to  175  times  per  day,  and  at  certain  periods  of  the  day  it 
is  not  allowed  to  remain  closed  more  than  2  minutes  at  a  time.  This 
box  of  rollers  was  subjected  to  50,000  revolutions  before  obtaining  its 
present  condition,  and  under  such  a  load  I  am  not  surprised  that  it  re- 
fused to  remain  longer  on  duty. 

The  question  as  to  what  is  a  safe  load  upon  such  rollers  is  a  very  im- 
portant one,  and  a  theoretical  discussion  of  it  might  prove  somewhat 
difficult,  although  I  doubt  not  some  of  our  members  are  quite  equal  to 
the  task.  Practically,  I  would  suggest  drawing  in  fine  lines,  a  full-sized 
circle  having  a  diameter  equal  to  that  of  the  roller  at  the  centre,  and  tang- 
ent to  it  a  straight  line.  Then  hj  mea.suring  the  length  of  tangent  visibly 
in  contact  Avith  the  circle,  we  may  assume  that  for  all  practical  purposes 
this  is  a  plane  surface  capable  of  sustaining  a  load  equal  to  say  16  tons  per, 
sc^uare  inch,  which  is  not  by  any  means  excessive  for  the  material  in  use. 
This  would  give  for  the  present  case  a  load  of  2  tons  per  lineal  inch  of 
roller,  about  half  what  it  has  been  suljjected  to,  and  (piite  within  a  safe 
limit,  even  for  cases  like  the  Point  Street  Draw-liridge,  where  the  motion 
is  almost  continiious  at  times. 

It  is  not  necessary  for  me  to  add  anything  by  way  of  commendation 
to  the  admirable  contrivance  Mr.  Sellers  has  given  us  in  these  steel 
centres  ;  they  are  too  well  known  to  require  that.  Failure  in  the  present 
case  can  only  be  attributed  to  excessive  loading,  and  possibly,  as  Mr. 
Sellers  suggests — to  imperfect  application  of  the  load. 

Since  presenting  the  above  I  have  seen  a  theoretical  investigation  of 
the  strength  of  friction  and  expansion  rollers,  pu.blislied  in  the  Journal 
of  German  Engineers  for  April,  1874,  Berlin.  The  resultant  formula 
from  which  the  value  of  an  applied  load  may  be  obtained  is  therein 
expressed  as  follows : 

\     9     \  El         E.  / 
In   this,   P  is   the   load   which   may  with  safety   be  applied  upon  a 
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cylindrical  roller  whose  radius  is  r  and  length  /,  E,  and  E-.  are  moduli 

of  elasticity  of  the  roller  and  bed-plate  respectively,  and  k  is  the  safe 

compressive  strain  per  square  inch  that  can  be  sustained  by  the  material 

of  which  the  roller  is  composed.     If  we  apply  this  formula  to  the  case 

before   us,    we   have   for   the   constants    /  =  3^    and   r   =   14  inches. 

Elaalic  Limit 
^-i   =  ^-^  =  29,000,000  and  A- =  ^  =35,000.       Substituting 

these  values  in  the  equation,  and 

P  =  13,900  pounds, 
or  very  nearly  2  tons  per  lineal  inch  of  roller.  As  the  actual  load  upon 
the  nest  of  rollers,  supposing  the  weight  to  have  been  uuiformily  dis- 
tributed, was  about  double  this  amount,  it  ■wdll  be  seen  that  they  were 
strained  nearly  vi\)  to  the  limit  of  elasticity  of  the  best  of  steel,  and 
the  fact  that  they  lasted  so  long  as  they  did  under  this  strain  may  be 
taken  as  experimental  evidence  of  the  accuracy  of  the  theoretical  results 
above  given. 

In  assuming  values  for  E  and  A,-,  I  have  been  giiided  by  the  results 
obtained  by  Capt.  J.  B.  Eads  in  his  experiments  upon  steel  for  the  St. 
Louis  Bridge,  and  for  the  value  of  r,  I  have  taken  a  mean  between  the 
two  radii  of  the  conical-shaped  roUer,  it  being  in  diameter,  2^^  inches  at 
the  small,  and  3  J  inches  at  the  large  end. 


XCIII. 

THE    FOUiNDATIONS   FOR   THE    HKOOKLYN   ANrHORAliE  OF  THE 
EAST  RIVER  HRIDKE. 

A   Paper   by   Franciis   Collingwood,    C.  E.,  Member   of   the 

Society. 

Read  June  10th,  1874. 

The  front  face  of  the  Brooklyn  anchorage  of  the  East  River  Bridge  is 
930  feet  from  the  centre  of  the  tower.  The  base  at  the  front  and  for  85 
feet  6  inches  hack,  has  a  width  of  109  feet  4  inches.  At  this  point,  the 
width  is  increased  10  feet  for  an  additional  length  of  46  feet  6  inches,  the 
total  length  being  132  feet,  and  the  extreme  width  119  feet  4  inches.  The 
base  is  a  timber  pLitform  of  3  feet  thickness,  thoroughly  bolted.  The 
lower  course  is  laid  transversely,  with  1-inch  spaces,  the  second  longitu- 
dinally, with  2-incli  spaces,  and  the  third  transversely,  with  4-inch 
sjiaces.  All  spaces  are  thoroughly  filled  with  cement  mortar  or  concrete, 
and  the  platform  is  entirely  surrounded  by  concrete.  Below  this  i^lat- 
form  are  bearers  placed  longitudinally,  with  about  9-feet  spaces;  the 
bottom  of  these  being  at  the  level  of  high  tide  in  the  East  River. 

The  surface  of  the  ground  at  the  front  edge  had  an  average  elevation 
of  22  feet  above  tide,  and  at  the  rear,  an  average  of  25  feet,  increasing 
however,  to  28  feet  at  one  corner,  where  it  came  quite  near  to  a  large 
brick  building.  The  west  side  had  an  elevation  increasing  from  28  feet 
to  32  feet,  with  buildings  within  10  feet;  changing  suddenly  down  to  14 
feet,  however,  in  the  rear  of  another  building,  but  (5  feet  away. 

The  earth  was  found,  by  testing,  to  vary  (juite  irregularly,  from  loam 
and  gravel,  to  sand  of  all  kinds.  Water  stood  in  the  soil  at  about  2  feet 
4  inches  above  tide.  At  this  level  there  was  very  fine  sand,  which,  when 
saturated,  Avould  run  like  water,  but  was  very  hard  and  compact  until 
disturljetl,  and  very  difficult  to  penetrate. 

The  excavation  was  made  of  such  size  as  to  give  at  the  bottom  a  clear 
space  of  18  inches  between  the  timber  platform  and  the  sheeting  all 
aroTind,  or  (j  inches  lietween  the  j)]atform  and  sti'i^g'-pi^ces  supporting 
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the  lower  range  of  sheetiug.  The  extreme  size  of  the  excavation  at  the 
bottom  Avas  therefore  122  feet  4  inches  width  at  the  rear,  112  feet  4 
inches  at  the  front,  and  135  feet  long.  This  sjjaee  had  to  be  excavated 
entirely  to  a  uniform  level,  before  the  foundation  could  be  started;  and 
the  problem  was,  to  so  support  the  banks  as  to  effectively  prevent  damage 
to  surrounding  property,  and  at  the  same  time  not  have  the  bracing- 
interfere  Avith  the  free  moA^ements  of  workmen,  or  A\'ith  loAvering  and 
IJlaciug  the  timber  and  stone  in  position. 

The  designing  and  carrying  out  of  the  Avork  was  intriisted  to  the 
writer,  and  it  is  hoped  that  it  has  sufficient  noA'elty  to  make  it  worthy  of 
record. 

The  design  Avas  affected  someAvhat  l>y  the  fact,  that  all  materials  for 
the  anchorage  had  to  be  brought  from  the  dock  at  the  river,  1,000  feet 
through  croAvded  streets  ;  and  it  was  also  desirable  to  transport  for  stor- 
age, the  sand  from  the  excaA^ation  to  the  yard  at  the  pier.  A  double  track 
tram-way  of  standard  gauge,  connecting  Avith  the  street  railroads  Avas  there- 
fore laid  doAvn  for  one  block.  Two  lines  of  rails  Avere  also  proA'ided  for, 
OA^er  the  anchorage  site  (connecting  by  sAvitches  Avith  either  track)  to  be 
put  doAvn  as  soon  as  the  Avork  Avould  alloAV  of  it.  The  general  level  of 
the  top  of  the  bracing  Avas  fixed  at  18  feet  6  inches  above  tide,  to  accom- 
modate the  grade  of  these  tracks. 

The  form  of  the  masonry  throughout,  is  in  plan  the  same  as  that  of 
the  foundation,  the  stone  work  being  set  back  18  inches  from  the  edge  of 
the  platform  all  around.  There  are  a  series  of  offsets  at  the  bottom, 
but  its  general  form  in  elevation,  is  that  of  a  truncated  pyramid,  with 
sides  battering  aboA'e  ground  half  an  inch  per  foot  rise. 

The  top  of  the  masonry  is  also  the  grade  line  of  the  bridge,  and  has 
an  elevation  of  89  feet  at  the  front,  and  85  feet  9  inches  in  the  rear. 
The  extreme  size  at  the  gTade  line  is  104  feet  4  inches  by  117  feet ;  the 
difference  of  10  feet  betAveen  the  front  and  rear  being  preserA'ed  through- 
out. 

The  front  portion,  85  feet  6  inches  long,  is  divided  into  three  parts. 
The  central  of  these,  has  a  Avidth  at  the  Itase  of  35  feet  10  inches,  and  Avill 
support  and  contain  the  two  central  anchor  chains.  BetAveen  this  and 
the  two  exterior  walls  are  spaces  ot  13  feet  3  inches  at  base.  Each  exte- 
rior wall  has  a^  bottom  widtli  of  22  feet,  and  contains  one  of  the  exterior 
chains.     The  spaces  Avdll  l)e  arched  over,  to  sui)port  the  roadAvay  above. 

Thi',  pi)sition  of  the  spaces  fixed  at  once,  approximately,  that  of  the 
perman(>nt  tracks,  care  being  takcui  not  to  interfere  Avith  the  derricks 
11 
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needed  in  prosecuting  the  work.  The  lines  of  braeiug  bad  also  to  be 
fixed  with  reference  to  the  spaces  and  derricks. 

As  the  ordinary  length  of  spruce  planks  is  about  13  feet,  two  ranges 
of  sheeting  were  decided  upon,  at  all  points  where  the  depth  was  not 
over  25  feet — and  three,  where  the  depth  was  greater. 

This  fixed  at  the  top  the  extreme  width  of  the  excavation  at  about  126 
feet,  and  the  length,  at  139  feet.  As  the  pressure  from  each  bank 
had  to  be  carried  to  the  bank  opposite,  it  was  necessary  to  divide  these 
distances,  so  as  to  get  reasonable  lengths  for  timber,  and  secure  sufficient 
rigidity  to  the  system,  without  necessitating  the  use  of  inconveniently 
large  sizes,  or  increasing  the  number  of  l)races.  It  was  decided  that  the 
stringers  supporting  the  planks  must  be  themselves  supported  at  least 
once  in  14  feet,  and  that  only  8  feet  spaces  were  desirable.  Referring  to 
the  plan,  it  will  he  seen  that  this  gave  9  divisions  each  in  the  rear  and 
front,  and  14  on  each  side.  Since  diagonal  braces  could  be  introduced 
as  shown,  this  determined  the  iise  of  two  lines  of  through  longitudinal 
bracing,  and  six  lines  of  through  transverse  bracing. 

At  the  intersections  of  the  main  lines,  square  timber  piles  were  driven 
before  the  excavation  was  begun,  to  a  depth  of  about  3  feet  below  tide. 
The  excavation  was  then  started  at  the  highest  point,  and  the  first 
stringers  were  put  in,  as  shown  in  section.  After  this  was  well  under 
way,  the  second  range  of  sheeting  was  started  on  the  opposite  side  and 
ends,  and  before  the  pressure  had  become  severe,  the  braces  between  the 
heads  of  the  piles  were  put  in,  in  each  tlirection.  In  this  way  the  work 
was  carried  down  progressively;  the  material  in  the  central  portion  being 
in  every  case  the  last  removed. 

The  probable  strains  to  which  the  timber  would  be  subjected  were 
carefully  calculated,  and  the  sizes  projjortioned  accordingly.  At  three 
points  the  anchors  to  the  derrick  giiys  had  to  be  partly  supported  by  the 
sheeting,  and  the  sizes  of  bracing  were  increased  in  order  to  resist  the 
thrust  occasioned  thereby. 

The  vertical  spaces  between  the  timbers  were  alternately  4  feet  and  2 
feet.  The  braces,  from  the  lowest  stringers,  were  inclined  upward,  and 
secured  to  the  braces  next  above.  By  this  means,  there  was  at  the  l)egin- 
ning,  a  clear  working  space  of  7  feet  over  the  greater  portion  of  the  area. 
This  was,  of  course,  reduced  as  the  timber  was  put  in.  It  will  be  seen 
also  that  the  central  spaces  in  which  to  lower  timber,  were  from  12  feet 
to  22  feet  wide  and  36  feet  long.  This  offered  great  facility  for  work, 
and  sticks  55  feet  long  Avere  lowered  without  difficuly. 
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Every  precaixtiou  was  taken  to  securely  bolt  the  diagonals  and  braces, 
and  to  nse  cleats  where  there  was  danger  of  slipping ;  there  Avas  no 
failnre  at  any  point,  notwithstanding  some  very  severe  rains  which  oc- 
cured  while  the  work  was  exposed.  The  j^ressnre  from  the  rear  bank 
was  sufficient  to  force  the  main  braces  an  inch  into  the  yellow  pine  piles, 
bnt  no  trouble  arose  fi'om  this  canse. 

When,  in  laying  masonry,  it  became  necessary  to  remove  the  long 
cross-braces,  short  inclined  braces,  reaching  from  the  stringer  to  be  snp- 
ported,  down  to  the  masonry,  were  first  put  in  and  securely  fastened;  the 
long  ones  were  then  taken  out  with  entire  safety. 

,  The  sheeting  was  mostly  2-incli  stiift' ;  a  small  i^ortion  only,  at  an  ex- 
posed point,  being  thicker.  In  driving  the  lowest  range  of  sheeting, 
great  difficulty  was  found  in  penetrating  the  fine  compacted  sand  below 
the  water  line.  After  trying  several  devices,  it  was  decided  to  use  a 
water  jet.  For  this  purpose,  a  small  rubber  hose  was  provided,  liaving 
for  a  nozzle  a  three-quarter  inch  iron  pipe  4  feet  long  (with  a  stop-cock 
at  its  upper  end).  This  was  attached  to  the  city  water-supply,  and  l)y 
its  use  the  planks  were  forced  down  very  readily;  6  inches  below  tide  was 
the  average  depth  driven. 

To  enable  us  to  remove  the  last  2  feet  of  the  excavation,  it  was  neces- 
sary to  pump  the  water  out  of  the  pit ;  and  a  question  arose  as  to  the 
size  of  pump  required.  To  solve  the  question  approximately,  the  fol- 
lowing experiment  was  tried.  A  piece  of  18  inch  sewer-pipe  was  set 
down  into  the  sand  at  the  bottom  of  the  pit ;  the  sand  was  then  re- 
moved from  the  interior  and  the  wat(n-  bailed  out.  The  time  and  depth 
below  the  top  was  then  noted,  and  when  the  pit  was  nearly  filled,  the 
time  was  again  noted,  together  with  the  increase  in  height.  The  average 
head  under  which  the  water  entered  did  not  exceed  fi  inches,  and  it  was 
thought  that  this  was  probably  as  great  as  it  ever  would  be  around 
the  sheeting.  Taking  the  relative  perimeters  of  the  two  as  a  basis  of 
comparison,  gave  the  quantity  to  lie  pumped  about  80  gallons  per  min- 
ute. At  a  time  afterward,  when  the  pump  was  working  regularly,  tiu> 
amount  discharged  was  found  to  be  60  gallons  per  minute.  This  method 
would,  no  doubt,  be  safe  in  similar  cases  where  there  were  no  springs  in 
the  bottom. 

To  facilitate  the  work  of  excavation,  2  piles  were  driven  a  little  for- 
ward of  the  centre  of  the  pit,  and  strongly  braced  to  the  adjacent  piles, 
on  which  a  temporary  derrick  with  boom  55  feet  long  was  erected. 
With  this  the  sand  boxes  could  be  handled,  and  timber  unloaded  and 
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lowered  iuto  the  pit  with  great  facility.  It  was  worked  from  a  winding 
engine  on  the  bank  in  the  rear,  and  was  nsed  until  the  permanent 
derricks  conld  be  erected. 

The  cars  were  flat  cars,  sufficiently  strong  to  bear  a  load  of  10  tons. 
The  sand  boxes  were  very  strong  and  proportioned  to  hold  2  culnc  yards. 
They  were  lifted  by  two  side  chains  which  were  fixed,  and  one  other  lead- 
ing forward  and  fastened  to  the  bott.nu,  which  had  a  tripping  arrange- 
ment near  the  centre.  The  forward  end  was  a  door,  with  a  liolt  which 
could  be  tripped  by  the  same  rope  which  tripped  the  chain.  The  boxes 
were  transported  fiiU  of  sand  to  the  yard  at  the  pier,  where  they  were 
suspended  to  a  traveUer  on  an  inclined  wire  rope,  run  up  to  an  elevation 
of  50  fet>t,  dumped  by  tripping  the  door  and  chain,  lowered  to  the  car, 
and  again  returned  to  the  excavation.  The  arrangement  worked  well, 
and  the  cost  of  doing  the  work  was  moderate. 

The  maximum  pressure  upon  the  sand  underneath,  caused  by  the 
completed  structure,  will  be  about  4  tons  per  sipiare  foot. 

The  only  remaining  point  of  interest  Avas  the  method  taken  to  lower 
the  four  anchor  plates  iuto  the  pit.  These  are  massive  castings,  17  feet  6 
inches  by  16  feet,  2  feet  G  inches  deep  (over  all),  and  weighing  23  tons 
each.  For  this  purpose,  an  excavation  20  feet  wide  with  slope  of  U\o  to 
one  was  made  in  the  rear,  and  a  hole  cut  through  the  sheeting.  In  this, 
timber  Avays  were  laid,  and  two  sticks  for  sliding  pieces  were  also  bolted  to 
each  of  the  plates.  The  anchor  plates  Avere  then  loAvered  by  tackle  with- 
out trouble.  This  method  was  preferred  to  that  of  loAvering  ^lirect,  on 
account  of  the  expensive  appliances  required,  as  Avell  as  of  the  risk  ui- 
curred  by  bringing  such  a  Aveighfc  on  the  bracing. 

In  conclusion,  it  is  but  just  to  say  that  the  work  Avould  have  been  com- 
paratively simple,  had  there  been  unlimited  space  for  the  operations. 
The  extremely  contracted  space,  and  danger  of  underminipg  buildings— 
digging  as  was  done  14  feet  beloAv  the  deepest  foundation— greatly  in- 
creased the  risks  and  difficulties  to  be  encountered.  These  Avere  all 
overcome,  hoAvever,  and  the  masonry  has  been  brought  to  the  surface 
without  damage  to  surrounding  property,  and  Avith  no  mishaps  from 
caA'ing  banks. 
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THE  C(Jx\FLAGlRATIOx\  NOW  EXISTIMI  IX  THE  COAL  AT  KIDDER 

SLOPE. 

A  Paper  by  Martin  Coryell,  C.  E.,  Member  of  the  Society. 
Eead  June  lOtli,*  1874. 


The  mining  of  anthracite  coal  in  the  Wyoming  vaUey  was  begun  by 
individuals  or  a  few  men  associated  together  to  furnish  the  necessary 
capital,  and  a  slojie  was  sunk,  through  or  along  the  coal  seam,  about  300 
feet  from  the  out-crop  on  the  "  j)itch"  or  dip;  then  gangways  (tram 
road  ways)  were  turned  to  the  right  and  left,  follo"nT.ng  the  "  strike"  of 
the  seam,  on  a  slight  inclination,  to  the  boundary  of  the  projierty,  which 
in  the  early  days  of  mining  was  not  very  wide,  averaging  some  2,000 
feet. 

The  "  Kidder  slope"  Avas  started  in  this  way,  and  worked  some  five 
or  six  years  ;  the  demand  for  coal  increased  so  rapidly,  and  made  such 
l^romise  for  the  investment  of  capital,  that  large  comi^anies  were  formed 
for  working,  smaller  operations  were  merged  into  the  greater,  and  the 
Wilkesbarre  Coal  &  Iron  Co.  became  the  owners  of  the  "  Kidder  col- 
liery." 

To  increase  production  and  heep  jjace  with  the  demand  for  coal, 
slopes  and  shafts  were  opened  on  adjacent  properties,  and  gangways  ex- 


'■  Condensed  from  remarks  tlien  made— at  the  Sixth  Annual  Convention. 
12 
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tended  on  the  Kidder  premises  far  below  the  original  workings  ;  to  facil- 
itate these  extensions,  an  engine  with  boilers  was  then  set  up  some  400 
feet  below  the  surface,  and  connected  with  that  on  the  Kidder  slope, 
which  was  no  longer  required  for  plumping,  hoisting  coal,  or  for  egress 
and  ingress  into  the  mines. 

The  Kidder  slope  and  its  connecting  gang-ways  had  a  pitch  or  angle 
of  about  20-'  for  some  600  feet,  then  an  abrupt  angle  of  60°  or  more, 
and  then  it  flattened  to  some  30°,  upon  which  pitch  the  lower  gangways 
were  driven,  connecting  A\dth  the  Empire  shaft. 

A  natural  and  common  inquiry  arises — was  it  not  dangerous,  and  a 
gTeat  risk,  to  generate  the  large  quantity  of  steam  required  in  the  midst 
of  so  much  combustible  material "?  This,  like  ail  similar  engineering 
questions,  is  answered  by  the  fact,  that  it  was  necessary  to  accomplish 
the  work  ;  the  means,  therefore,  had  to  be  applied  at  whatever  risk,  Avith 
due  consideration  of  the  responsibility  incurred  and  the  advantages  to 
be  gained. 

The  work  contemplated  was  accomplished  and  successfully  carried 
into  effect.  The  furnaces  and  boilers  were  securely  set  in  brick  and 
hea\y  stone  masonry  laid  in  mortar,  and  a  brick  arch  flue,  of  some  3 
feet  inside  diameter,  and  300  feet  long,  was  constructed  to  carry  the  hot 
air  and  gases  into  the  old  slope  of  the  Kidder  colliery.  It  is  weU  known 
to  practical  men  that  if  there  is  not  much  draft  there  is  but  little  heat 
at  the  end  of  a  flue  of  an  anthracite  furnace  ;  and  the  fumes  of  sul- 
phur only  render  a  flue  necessary.  A  j)assage-way  was  made  along- 
hide  the  flue,  with  openings,  by  which  a  watchman  could  pass  in  and  ex- 
amine for  fire  or  any  change  of  air  currents.  For  two  or  more  years 
this  work  went  on  most  satisfactorily,  and  it  was  expected  that  by 
October  next,  that  required  to  supercede  the  engine  and  boilers  would 
be  completed  and  the  furnaces  removed. 

About  December  29th  last  the  watchman  made  his  customary  exam- 
ination, and  found  nothing  to  report  ;  two  days  later  the  men  in  the 
mines  discovered  something  unusual,  and  that  night  the  wooden  stack  on 
the  surface  OA'er  the  air  shaft,  burned.  This  was  the  first  intimation  of 
the  fire  ;  the  burning  of  the  stack  gave  direction  and  intensity  to  the 
draft,  which,  in  turn,  spread  the  sparks  and  flames  throughout  the  old 
workings.  The  miners  hastened  to  the  sceue  of  disas-ter  ;  although  it 
does  not  appear  they  anticipated  anything  serious,  they  vigorously  began 
to  put  out  the  file  ;  not  that  it  endangered  any  of  the  present  workings, 
but  it  was  an  unsafe  element  to  deal  with.     At  the  surface,  water  from 
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adjacent  streams  was  couducted  to  the  mines  by  tvonglis  and  gas-pipes, 
and  pumps  .vere  placed  to  nse  all  that  was  available  in  tlie  vicinity, 
whilst  in  the  mines  the  mine  locomotives  were  employed  to  work  the 
steam  iinmps  and  force  the  water  directly  on  the  fire,  which  was  reached 
by  cutting  passage-ways  through  pillars  of  coal  and  along  old  workings. 
It  Avill  be  seen  by  referring  to  the  cross  section  presented*  that  the 
pitch  of  the  seam  is  60-'  or  more.  This  is  too  steep  to  climb  or  work 
upon  without  ladders  or  scaffolding,  and  was  sufficient  for  the  seam  to 
act  as  a  chimney,  giving  draft  and  force  to  the  fire. 

Tlie  labors  of  the  men  seemed  to  be  successful,  and  they  exerted 
themselves  the  more  ;  unfortunately,  they  spread  over  too  much  space, 
and  left  behind  them  smouldering  and  concealed  fire,  hid  from  view  by 
the  steam  and  smoke  which  tilled  the  mine.  It  finally  burst  forth  in 
their  rt- ar.  they  were  surrounded  by  heat  and  gases,  their  supply  of  water 
and  material  and  the  means  of  retreat  were  cut  ofi,  and  the^"  escaped 
with  much  difficulty  entirely  exhausted  by  their  hmg  and  severe  exertions 
without  food  and  sleep.  By  the  time  these  overworked  men  could  be 
taken  from  the  mine,  and  a  new  force  organized,  the  air,  rarefied  by  the 
heat,  passed  ofi"  in  furious  currents,  which  drew  their  supply  from  all 
parts  of  the  colliery,  thus  feeding  the  fire  and  distributing  hot  air  and 
gases  through  the  mine. 

Under  these  circumstances  a  new  method  of  proceeding  had  to  be  de- 
■sdsed,  barricades  (generally  termed  "brattices"  by  miners)  had  to  be 
constructed,  to  protect  the  men  from  the  hot  air  and  sulphurous  gases, 
and  to  prevent  the  former  from  feeding  the  fire;  when,  however,  the  sup- 
ply of  fresh  air  was  cut  off  from  the  fire,  the  men  suffered  and  became 
helpless.  It  is  very  difficult  to  portray  by  words  or  by  maps  and  profiles, 
to  those  not  familiar  with  underground  work,  the  many  difficulties  met 
mth,  so  as  to  explain  why  there  were  many  failures  to  one  success,  in- 
volving the  necessity  of  doing  the  same  thing  over  and  over,  under 
the  most  trying  circumstances. 

Those  in  charge  reorganized  their  forces  and  prepared  the  material  for 
another  effort.  To  store  up  aU  the  available  supply  of  water,  reservoirs 
already  made  were  increased  in  capacity  and  others  were  constructed, 
portable  boilers  and  steam-pumps  were  obtained  from  the  cities  also  gas- 
pipe  and  hose  in  their  variety,  plank,  boards  and  })rops  and  other  neces- 
sary tools  and  materials  were  procured,  men  were  placed  with  almost  mil- 


*  This  paper  was  accompanied  by  a  set  of  "  Plans  of  the  Wilkesbarre  Coal  Co.'s   Mine" 
showing  the  location  and  progress  of  the  fire,  which  are  on  file  at  the  rooms  of  the  Society. 
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itaiy  strictness  and  disei})lin(>,   and    eontiiniously   worked  in  sliifts — in 
the  mines  of  8  hours,  and  outside — of  10  hours. 

One  of  the  first  difficulties  encountered  was  in  the  line  of  our  profes- 
sion, "\dz. ,  Engineering ;  the  early  w'orkings  had  been  carried  on  when 
the  services  of  the  engineer  were  considered  useless  and  invohdng  un- 
necessary expense  ;  there  were  no  maps  or  plans  to  refer  to,  and  every- 
thing done  was  at  a  venture.  A  roadway  for  the  men  to  get  at  the  fire 
had  to  be  coustructed  through  the  old  mine,  every  foot  of  the  distance 
had  to  be  explored  and  graded,  without  maps  and  profiles  to  show'  the 
condition  of  the  workings  where  strong  iiillars  had  been-  reserved  to 
make  the  mine  secure,  and  where  counter  gangways  had  been  opened  ; 
this  seemed  to  be  a  hopeless  undertaking,  yet  it  was  accomplished  in  a 
veiy  short  time,  and  a  railroad  was  laid  from  the  surface  to  the  fire,  over 
3,000  feet  in  length,  by  Avhich  egress  and  ingress  was  had  for  men,  miiles 
and  materials. 

The  difficulties  encountered  w^ere  many  and  great: — sometimes  Avheu 
lines  of  brattices  were  erected  to  protect  the  men,  an  undiscovered  old 
working  would  let  in  the  hot  air  and  gases  from  behind.  In  making  air- 
courses  or  roadw^ays  through  pillars  of  coal,  fire  would  be  found  biirning 
with  intensity  and  fierceness  on  the  other  side,  thus  further  progress  in 
that  direction  Avould  be  stopped  and  the  labor  and  effort  lost.  In  several 
cases  it  was  necessary  to  connect  sections  of  work  which  were  cut  off  or 
separated  by  the  fire,  and  air-courses  and  travelling-ways  had  to  be 
made  Avhere  men  were  exposed  to  the  gases  and  intense  heat.  To  effect 
this,  many  expedients  and  devices  "oere  resorted  to  ;  wooden  brattices 
W'ere  projected  into  the  chambers  filled  with  hot  air  and  glowing  with 
heat  ;  to  maintain  them  in  position  and  prevent  their  rapid  destructioii 
clay  (if  to  be  had)  or  the  del)ris  of  the  mine  w^as  cast  against  them,  and 
the  unexposed  sides  kept  dripping  with  water  ;  these  brattices  Avould  soon 
be  greatly  injured  if  not  entirety  destroyed,  but  before  this,  more  sub- 
stantial and  enduring  ones  would  be  constructed  ;  wooden  conduits — • 
suspended  on  wire  ropes,  to  keep  them  from  the  burning  coal,  for  the 
conveyance  of  air,  water,  and  sometimes  men,  were  carried  through  the 
burning  breasts  or  chambers,  gases  and  vapor  Avere  generated  in  sucli 
(quantities  that  the  lamps  shed  Ijut  a  dim,  uncertain  light  over  the  tools 
and  materials  brought  in  and  the  confused  mass  of  rubliish  from  former 
workings. 

As  evidence  of  the  difficulties  and  danger  of  the  work  in  which  the 
men  Avere  engaged,  it  may  be  stated  that  a  suitable  position  iu  the  mine 
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Wiis  set  iipiirt  and  pvei)ared  as  a  hospital,  a  physician  put  in  charge  with 
all  the  remedies  and  appliances  deemed  essential,  and  a  corps  of  men  to 
act  in  time  of  need  upon  the  sounding  of  a  signal ;  also  workmen  and 
others  were  forbidden  to  stray  off  alone,  and  were  kejit  in  gangs  of  not 
less  than  three. 

In  the  ^\ork,  the  men  woiild  frequently  encounter  what  miners  term 
"black  or  choke  damp,  "  and  known  as  carbonic  acid  gas.  When 
inhaled  in  small  quantities  and  under  certain  conditions  not  well  under- 
stood, it  produces  a  dull  pain  in  the  head  and  nausea,  and  in  large  quan- 
tities, it  suspends  respiration  and  the  subject  drops  inanimate  ;  one  of  the 
peeuliai'ities  of  its  action  is,  that  a  person  is  overcome,  without  being  con- 
scious of  its  presence  or  approaching  effects.  It  is  Avell  known  that  the 
currents  of  air  and  gases  in  a  mine  are,  to  use  the  miners  term,  very  "baff- 
ling"— that  is  uncertain  and  lieyond  positive  control ;  hence  a  squad 
of  workmen  pursuing  their  work  regularly  and  with  apjDarent  safety, 
would  first  learn  of  danger  from  the  gas  by  the  staggering  and  falling  of 
one  or  more  of  their  number,  a  signal  would  be  given  and  the  corps  as- 
signed to  this  duty  would  hasten  to  the  rescue  and  convey  the  suiferers 
to  the  hospital.  In  ordinary  cases  the  head  and  breast  of  the  patient 
were  bathed  in  cold  water  and  Avell  rubbed,  he  was  then  allowed  to  sleep, 
and  in  half  an  hour  would  be  restored  and  able  to  resume  work.  A  bad 
case  would  be  attended  Avith  vomiting,  severe  pains  in  the  head  and  limbs 
and  delirium  ;  su.ch  a  subject  would  lie  sent  on  the  ambulance  car  to 
his  home,  and  perhaxjs  Avould  recover  after  days  of  rest  and  care. 

Scarcity  of  water  Avas  a  source  of  difficulty,  the  weather  bt^came  very 
cold,  the  ground  froze  and  the  streams  failed  to  such  a  degree  as  to  cause 
embarrassment.  The  heat  increased  in  portions  of  the  old  workings 
where  much  "gob  "  or  refuse  and  timber  had  accumulated  and  quanti- 
ties of  coal  had  been  left  in  place  to  support  the  roof  or  on  the  bottom, 
and  at  the  top  of  the  seam  the  suli^hur  in  the  coal  and  slates  boiled  out  or 
exuded,  covering  the  sides  and  floor  with  a  viscous  substance,  which,  as 
the  fire  reached  it,  gave  ofi"  volumes  of  suli)hurons  gas  intensely  heated 
that  acting  as  a  flux,  melted  the  sand,  rocks  and  slates,  and  changed 
their  color  from  a  light  gray  to  a  brick  red.  Small  exj^losions,  supjjosed 
to  be  prodiiced  by  quantities  of  AAater  suddenly  coming  in  contact  with 
the  ignited  coal,  frequently  occiirred,  the  only  danuige  being  the  disturli- 
ance  of  the  air  currents. 

The  intensity  of  the  fire  began  to  manifest  itself  by  expanding  the 
slates  and  rocks  over  head,  wide  cracks  or  fissures  appeared,  and  large 
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flakes  were  frequently  tletaclied;  it  was  evident  to  the  exjierienced  miner 
that  a  "fall "  from  the  I'oof  wonld  take  place  quite  soon ;  apparently  there 
was  no  immediate  danger  to  the  men,  yet  a  little  movement  might  cnt  off 
the  communication  of  those  down  in  the  mine  and  the  gases  and  hot  air 
prove  fatal  before  assistance  could  be  rendered.  At  this  time  great  pro- 
gress was  making  in  the  reduction  of  the  area  on  fire,  all  things  were 
Avorking  to  advantage,  and  great  hopes  were  entertained  of  final  success. 
The  increasing  evidence  that  a  fall  would  take  place  caused  a  partial 
cessation  of  the  work,  particularly  in  that  jjortion  considered  unsafe,  and 
the  men  were  ke^st  out. 

At  night,  when  but  few  were  at  work,  the  fall  took  place  with  most 
,  disastrous  results  as  regards  the  spreading  of  the  fire ;  about  3  acres, 
averaging  from  10  to  30  feet  in  depth,  fell  a  distance  of  10  feet  at  least. 
The  fall,  although  not  all  at  once,  of  such  a  mass  of  material  (some 
2,600,000  cubic  feet,  or  180,000  tons),  Avas  felt  over  quite  an  area  of 
siu'face  and  with  alarm  to  the  inhabitants  near  by,  and  brought  fear  and 
anxiety  into  many  households;  no  one  Avas  permitted  to  go  near  or  into 
the  mines  for  some  time,  and  Avork  was  in  a  measure  suspended.  Inside 
the  mines  the  damage  was  A'ery  great,  not  because  of  machinery  or  tools 
lost,  but  the  brattices  Avere  all  broken  down  and  destroyed  by  the  concus- 
sion of  the  air,  the  ground  that  iiad  been  reclaimed  Avas  lost,  much  black 
damp  was  generated  and  driven  into  the  present  Avorkiugs,  and  the  fire 
was  reneAved  and  fed  by  the  A^olume  of  air  which  the  destruction  of 
brattices  and  air-courses  permitted  to  enter. 

In  contending  Avith  the  fire,  it  had  been  observed  that  steam  concen- 
trated and  confined  gaA^e  much  better  results  than  Avere  obtained  from  the 
application  of  water  alone,  and  after  due  consultation  it  was  determined 
to  inject  steam  into  the  mines,  all  openings  being  closed  but  one  left  to 
keep  up  circulation.  By  reference  to  accurate  and  recent  surveys,"  solid 
gi'ound" — that  is  ground  not  broken  or  seriously  disturbed — Avas  selected 
to  enclose  the  burning  area,  forming  a  l)arricade  Avhich  would  be  proof 
against  the  fire  and  gases,  at  the  same  time  arrangements  were  made 
whereby  steam  could  he  economically  generated  and  admitted  into  the 
mines  at  i^oints  which  Avould  be  available  in  their  future  working.  To 
accomplish  all  that  was  required,  it  was  necessary  to  enclose  a  large  and 
A^ery  irregular  area  containing  some  37  acres. 

This  work  has  been  completed,  not  in  a  permanent  manner,  but  so 
Avell  that  steam  under  a  pressure  of  60  j)oiinds  per  sqviare  inch  is  being 
generated  in  38  boilers  (each  3  feet  in  diameter  and  30  feet  long),  and 
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forced  into  the  miut>s.  The  barrieade  against  the"  five  is  constructed  in 
vai'ious  ways;  much  of  it  is  temporary,  to  he  rei^laced  as  required.  The 
most  temporary  consists  of  lioard  brattices  alone,  and  the  next  of  board 
brattices  and  clay ;  a  third  kind  is  made  with  2  board  brattices  some  4  feet 
apart,  the  enclosed  sjjace  l)eiug  filled  in  with  clay  or  the  fine  dirt  of  the 
mine,  and  a  fourth,  with  a  wall  of  gob  or  refuse  of  the  mine  banked  with 
clay,  a  mortar  Avail  being  in  front.  The  complete  and  permanent  brat- 
tices consist  of  2  walls  extending  from  the  bottom  to  the  top  rock,  made 
of  good  material  laid  in  mortar,  and  the  space  filled  in  with  clay;  these 
should  also  sustain  the  roof.* 

When  steam  was  first  introduced  into  the  mine,  the  escaping  gas  and 
vapor  indicated  a  temperature  exceeding  220  '  Farli.,  (that  being  the  high- 
est graduation  of  the  thermometer  at  hand,  now  the  vapor  from  the  en- 
closed area  is  confined  to  one  outlet,  where  it  escapes  in  not  a  strong  cur- 
rent and  at  a  temperature  of  about  100  .  Eventually  48  boilers  located  as 
shown  on  the  accompanying  map,  A\-ill  be  in  operation  to  supi^ly  steam  to 
the  mines;  the  battery  of  12 — nearly  completed,  is  to  force  steam  dow^n 
through  a  9-inch  hole,  now  being  put  down  under  contractf,  and  carried 
to  a  depth  of  some  350  feet,  having  about  50  feet  yet  to  go  to  reach  the 
coal  seam  and  the  fire  at  the  foot  of  the  inside  Kidder  slope.  In  this 
hole  it  is  designed  to  put  a  9-inch  pipe,  enclosing  another  6-inch  pipe 
for  steam,  the  space  between  the  two  being  for  air  as  a  non-conductor 
of  heat. 

Perha})S  more  might  he  said  and  the  details  extended,  but  with  this 
paper  comes  a  cordial  invitation  from  the  officers  of  the  Lehigh  &  Wilkes 
barre  Coal  Co. J  (formerly  the  Wilkesbarre  Coal  &  Iron  Co.),  for  the 
members  of  the  Society  to  personally  insjiect  the  mines,  machinery  and 
maps.  Any  information  that  this  association  is  entitled  to,  will  cheer- 
fully be  given,  and  every  effort  made  to  render  a  visit  to  these  collieries 
instructive  and  agreeable.  Hoping  this,  however  inefficient  of  itself,  wiU. 
induce  members  to  embrace  the  opportunity  to  visit  the  northern  anthra- 
cite coal  field  of  Pennsylvania,  where  nature  and  art  presents  much  to 
see  and  enjoy,  this  i^aper  is  respectfully  submitted. 

Mk.  J.  Button  Steele. — ^I  have  been  much  interested  in  the  account 
of  this  fire.     Permit  me  to  call  the  attention  of  the  Society  to  the  very 


=■■■  It  may  be  said  that  a  solid  pillar  of  coal  exposed  on  oue  side  only  to  Are,  aud  without  a 
draft  of  air,  will  not  burn. 

t  By  the  Peuusylvania  Diamond  Drill  Co.  of  Pottsvllle,  Pa. 

t  The  officers  are  :  Charles  Parrish,  President ;  George  Parrish,  Superintendent;  Frederick 
Parrish,  Engineer  ;  .John  Griffith,  Mine  Suiierintendent,  and  David  Jones,  Assistant  Mine 
Superintendent. 
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serious  character  of  conflagrations  in  antliracite  coal  mines.  I  could 
enumerate  12'or  14  fires  in  tlie  coal  mines  of  Pennsylvania  within  a  com- 
paratively small  district,  that  are  beyond  the  power  of  the  mining  engi- 
neers of  the  present  day  to  control  or  put  out,  some  of  which  have  been 
burning  for  20  years,  and  some  for  but  5  or  6  years  ;  and  these  are  but  a 
small  part  of  the  fires  that  actually  take  x^lace.  A  large  proportion, 
reaching  below  the  general  water  level  of  the  country  are  at  once  sub- 
merged, and  after  the  mine  rests  a  year  or  more  the  water  is  piTmped  out 
and  operations  resumed. 

The  injection  of  gas  has  been  tried,  but  unsuccessfully;  the  reason  is, 
that  the  mines  cannot  be  made  air-tight,  which  is  requisite  to  caiise  the 
gas  to  reach  the  fire  ;  and,  of  course,  if  a  mine  were  air-tight,  the  fire 
would  go  out  without  gas.  This  jAan  of  injecting  steam  is  much  more 
practicable  ;  as  a  general  thing,  however  the  method  pursued  has  been 
by  submerging  the  mine  as  much  as  local  circumstances  alio'  to  cut  off 
the  fire,  and  then  to  let  it  burn  out. 

If  coal  mining  were  conducted  with  more  regard  to  the  i^reservation 
of  the  product,  and  less  to  immediate  profits,  boilers  would  not  be  put 
where  they  are  likely  to  ignite  the  mine,  also  less  powder  and  other  dan- 
gerous explosives  would  be  used;  as  results  of  present  management,  we 
have  many  mines  thus  prevented  from  supplying  one  of  the  most  valuable 
commodities  of  the  country. 

Mk.  R.  L.  Cooke. — On  the  excursion  that  members  at  this  Annual 
Convention  are  about  to  take,  they  may  see  one  of  these  burning  mines 
at  Summit  Hill,  where  anthracite  coal  was  first  discovered  and  supposed 
to  be  iron  stones.  That  mine  has  been  burning  for  about  15  years;  the 
surface  of  the  ground  is  sunken  down  and  gives  a  fair  idea  of  the  crater 
of  a  volcano.  Little  puffs  of  smoke  come  up,  and  there  are  many  indi- 
cations of  sulphur,  large  pieces  of  which  are  sometimes  found. 


THE  TEREDO  JsAYALLS.  OR  SHIP-WORM. 

A  Paper  by  G.  ^Y.  R.  Bayley,  C.  E.,  Member  of  tlie  Society. 

Eeai)  .tttne  10,  1874 

The  object  of  the  Avriter  in  preparing  this  paper  is,  if  possible,  to  add 
something  to  what  is  generally  known  of  the  habits  of  the  Teredo,  and 
its  operations  on  timber  structures ;  particularly  in  southern  waters,  on 
the  coast  of  the  Gulf  of  Mexico. 

The  libraries  of  New  Orleans  do  not  contain  all  of  the  works  of  natu- 
ralists and  others  who  have  written  on  this  subject  to  which  the  writer 
would  have  liked  to  refer  before  trusting  himself  to  prepare  this  paper, 
and  circumstances  have  prevented  the  continuance  of  his  observations 
respecting  the  habits  of  these  "borers  of  the  sea,"  and  of  experiments 
to  ascertain  and  determine  the  best  and  most  economical  means  of  pre- 
venting their  ravages  upon  timber  foundations  under  water;  nevertheless, 
what  has  been  learned  may  not  be  entirely  devoid  of  interest  to  the 
members  of  our  Society,  and  some  little  may,  i^erhaps,  be  new;  or,  at 
least,  unknown  generally. 

Before  proceeding  with  an  account  of  what  has  been  observed  of  the 
operations  of  the  Teredo  on  the  bridge-piling  or  foundations  of  the 
bridges  on  the  line  of  the  railroad,  constructed  in  1869  and  1870  be- 
tween New  Orleans  and  Mobile,  it  may  not  be  deemed  amiss  to  quote, 
somewhat  at  length,  from  what  has  already  been  published  respecting 
the  ship-worm,  so  far  as  these  authorities  are  accessible  to  the  writer, 
and  are  considered  applicable  to  a  better  understanding  of  the  subject. 

From  Louis  Figiiier's  "Ocean  World"  we  learn  that  the  "  Mollusca 
' '  proiier  have  been  divided  by  Cuvier  into  five  sub-classes  ; — the  first  of 
"these  is  called  Acephala."  To  this  sub-class  the  ship- worms  belong. 
"They  have  no  head  ;  the  body  is  surrounded  by  the  folds  of  the  mantle; 
' '  the  shell  consists  of  two  A^alves,  hence  they  are  called  bivalves.  *  * 
"Although  they  have  no  head,  they  can  feed  themselves,  and  they  re- 
"  produce  their  kind.  The  valves  are  united  to  the  animal  by  the  inser- 
' '  tion  into  them  of  certain  muscles,  and  the  mantle-lobes  stretch  over 
"to  the  edges  of  the  valves."  To  increase  "the  dimensions  of  its  abode, 
"the  margin  of  the  mantle  is  protruded  and  firmly  adherent  all  round 
"to  the  circumference  of  the  valve  with  which  it  corresponds."     The 
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animal  "secretes  calcareous  matter  and  deposits  it  upon  the  extreme 
"edge  of  the  shell,  where  the  secretion  hardens  and  becomes  converted 
"into  a  layer  of  solid  testaceous  substance.  At  intervals  this  process  is 
"rejjeated,  and  every  newly-formed  layer  enlarges  the  diameter  of  the 
"valve." 

The  ship-worm  moves  ' '  by  means  of  an  extensible  fleshy  organ 
' '  called,  from  some  of  its  functions,  a  foot ;  but  in  fact  it  has  less  re- 
"  semblance  to  a  foot  than  to  a  large  tongue.  It  is  a  muscular  mass, 
"capable  of  being  pushed  out  from  between  the  mantle  lobes  and  the 
"valves,"  and  of  adhering,  as  the  writer  considers,  by  the  exhaustion  of 
the  air  and  water  under  it,  firmly  to  the  front  end  of  the  tube  the  Teredo 
is  engaged  in  excavating   or  boring. 

"  The  Lmnelli  BrnncMaia,  so  called  from  the  leaf -like  form  assumed 
"by  the  branchise," — or  gills, — or  the  Acephalous  Mollusca,  "  is  de\'isi- 
"ble  into  two  sections,"  of  which  "the  Siphonida,  from  the  animals 
"having  respiratory  siphons,"  includes  the  Teredo. 

"  The  division  Siphonida  is  divided  into  two  sub-sections  ;  those 
"without  and  those  with  a  pallial  line  sinuated.  The  first  family  of 
"this  latter  section  is  the  Pholadidiie,  Avhich  includes  the  genera  Teredo, 
"Xylopagha,  and  Pholas ;  animals  which  possess  extraordinary  powers 
"of  boring,  not  merely  through  sand,  but  through  the  hardest  (wood 
"and)  rocks." 

In  the  Proceedings  of  the  Academy  of  Natural  Sciences  of  Phila- 
delphia, 1862,  we  find  it  stated  in  "Monograph  of  the  Family  Teredidte," 
"that  Dr.  Grey  projiosed,  in  1851,  to  consider  the  Teredines  a  sub- 
"  family  of  Plioladid;ie.  biit  Mr.  Carpenter  has  separated  them  under  the 
'  ■  name  of  Teredidte,  with  great  propriety  ;  as  they  undoubtedly  exhibit 
' '  sufficient  differences  from  the  Pholades,  and  from  all  other  Mollusca, 
"  to  be  entited  to  the  position  of  a  family." 

This  writer,  Mr.  Tryon,  Jr. ,  describes  the  family  Teredidie,  which  he 
di\ides  into  three  sub-families  ;  of  which  the  second  is  fossil,  and  the 
third  never  penetrate  timber,  as  follows  :  "Animal  elongate,  sub- 
"  cylindrical,  siphons  united  nearly  to  the  end,  their  extremities  armed 
"with  two  shelly  styles — pallets,  foot  long  and  narrow,  protiiided 
"through  the  united  mantle  lobes,  Avhich  are  thickened  in  front.  GiUs 
' '  long  ;  mouth  -with  palpi.  Shell,  when  present,  globuLir,  tripartite,  in- 
"  eluded  with  the  animal  in  a  more  or  less  cylindrical  testaceous  tul)e,  the 
"  siphoual  end  of  which  is  divided  into  two  by  a  longitudinal  partition." 
"  Sub-family  1.  Teredin;p.  Valves  present,  free,  contained  in  the  tube, 
' '  which  is  irregulaiiy  cylindrical,  sometimes  much  contorted.  Per- 
"f orating  timber." 

Tryon  again  divides  the  sub-family  Teredinje  into  the  genera  Teredo, 
Ul^erotis  and  Xylotrya.  Of  each  genus  there  are  many  species,  and,  he 
says,  it  ' '  is  not  unf requently  the  case  (that)  several  species  are  found  in- 
"  habiting  the  same  luece  of  wood."     There  is  also  "  great  variation  of 


157 

"  tlie  individuals  ill  size,  proiiortioiis,  and  markings,"  and,  "  with  regard 
"  to  the  ship-worms,  *  *  no  reliance  can  be  placed  upon  the  relative 
"  proportions  of  their  several  parts  for  specific  definition." 

"So  little  did  Linnaeus  and  his  immediate  followers  know,"  says 
Tryon,  "  of  the  species  of  Teredo,  that  they  have  included  a  number  of 
"  species  under  the  name  of  T.  Navalis,  wdiich  is  published  with  such  a 
"  general  descriiJtion  as  will  suit  all  the  species  now  know^n,  or  hereafter 
"  to  be  added  to  the  genus." 

The  writer  is  convinced  that  many  species  are  propagated  and  invade 
timber  on  the  coast  of  the  Clulf  of  IMexieo,  and  that  they  vary  very  much 
in  "  size,  proportions  and  markings,"  some  of  them  being  from  half  to 
three-fourths  inch  in  diameter,  when  fully  developed,  and  from  12  to  20, 
or  more  inches  in  length,"-'  wdiile  others  are  very  much  less  in  size. 

As  Figuier  says  :  "  the  galleries  bored  by  these  imperceptible  miners 
"riddle  the  whole  interior  of  a  piece  of  wood,  destroying  it  entirely, 
"  without  the  slightest  (to  an  inattentive  observer)  external  indication  of 
"  its  ravages.  The  galleries  sometimes  follow  the  grain  of  the  wood  ; 
"  sometimes  tliey  cut  it  at  right  angles  ;  the  miners,  in  fact,  change  their 
"  route  (or  retract  themselves,  and  start  again  in  a  new  place)  the 
"  moment  they  meet  in  their  way  either  the  furrows  hollowed  out  by 
' '  their  congeners,  or  some  ancient  and  abandoned  gallery.  By  a  strange 
"  kind  of  instinct  "  (not  strange,  because  two  animals  cannot  occupy  any 
portion  of  the  same  tube  at  the  same  time,  and  they  are  powerless  to 
destroy  each  other),  "  however  multiplied  may  be  their  furrows  or  tubes 
"  in  the  same  piece  of  wood,  they  never  mingle."  He  adds,  that  "  there 
"  is  never  any  communication  between  them"  in  the  tubes,  but  this  is  an 
error,  for  they  often  encroach  upon  each  other's  tubes,  so  far,  at  least,  as 
to  cut  away  the  dividing  w'all  betw^een  them.  As,  however,  each  animal 
fills  the  whole  length  of  its  tube  at  all  times,  for  it  cannot  live  unless  its 
siphons  and  jjallets  (though  w^hat  are  the  precise  functions  of  the  latter, 
unless  to  keep  the  outer  hole  open  and  clear  and  to  catch  the  animalcules 
on  which  it  feeds,!  is  not  known)  have  direct  connection  w^ith  the  sea- 


*  Tryon  gives  the  dimensions  of  the  Teredo  Norvagiea  (whose  habitat  is  in  the  waters  of  the 
Channel  Islands,  and  Devonshire,  England,  coast  of  France,  Senegal  ?  United  States  ?  Medi- 
terranean Sea),  as  follows  : — "  Length  of  valves  half  an  inch  ;  breadth  of  valves  somewhat 
"  less.  Length  of  tube  about  one  foot;  but  individuals  have  occurred  in  which  the  tube  is 
"  21  feet  long,  and  the  valves  three-fourths  of  an  inch."  This  species,  it  is  believed,  is  found 
near  the  mouth  of  the  Mississippi  Elver. 

t  When  a  piece  of  wood  containing  live  Teredos  is  removed  from  the  water,  these  "  styles  " 
or  "pallets"  are  immediately  protruded  through  the  small  hole  through  which  the  young 
Toredo  entered.  W'hen  replaced  in  water  they  are  withdrawn.  Examination,  by  means  of  a 
microscope,  shows  that  these  "  pallets  "  are  wholly  calcareous,  in  shape  somewhat  like  a 
"  soldier's  feather,"  imbricated,  with  a  great  number  of  sharp,  spear-Uke  or  needle  points 
projecting  outwards,  and  barbed,  seemingly  well  adapted  for  catching  such  animalcules  as 
might  float  by  and  come  within  the  reach  of  these  pallets.  Unless  the  Teredo  had  the  means 
of  preventing  it,  the  shells  of  the  barnacle  or  oyster  would  grow  over  this  opening. 
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water  outside;  the  intruder  cannot  advance  beyond  the  dividing  wall  if 
the  living  animal  be  present.  It  is  believed,  however,  that  they  do,  in 
some  cases,  from  necessity,  cross  old  and  abandoned  galleries,  when  sound 
wood  is  to  be  found  on  the  other  side,  and  not  elsewhere. 

M.  Quatrefages  says  that,  near  Port  St.  Sebastian,  "a  boat,  which 
"  served  as  a  passage-boat  between  two  villages,  went  down  in  conse- 
"  quence  of  an  accident  at  the  commencement  of  spring.  Four  months 
"  after,  some  fishermen,  hojjiug  to  turn  her  materials  to  advantage,  raised 
"the  boat.  But, in  that  short  space  of  time,  the  Teredos  had  committed 
"  such  ravages  that  the  planks  and  timbers  were  riddled  and  worm-eaten 
"  so  as  to  be  totally  useless. "  The  writer  knows  of  instances  similar  to 
the  above  which  have  occurred  on  the  gnlf  coast  of  Mississippi,  where 
submerged  boats  have  been  destroyed  in  as  short  a  time.  Mr.  Figuier 
says  ;  "  at  the  beginning  of  the  eighteenth  century  half  the  coast  of 
"  Holland  was  threatened  with  anniliilation  because  the  piles  which  sup- 
"  ported  its  dikes  and  sea-walls  were  attacked  by  a  species  of  Teredo." 
Many  other  cases  might  be  cited.  On  the  line  of  the  railroad  lietween 
New  Orleans  and  Mobile,  several  luTudred  piles — from  14  to  20  inches  in 
diameter,  round  as  they  grew — driven  in  the  spring  of  the  year,  com- 
menced to  break  ofi'  in  the  following  month  of  November,  and  others, 
driven  in  June  and  July,  commenced  breaking  in  the  following  winter. 
Piles  driven  in  the  spring  broke  first  at  about  Ioav  tide  mark  ;  those  driven 
in  summer  generally  broke  off  diiring  the  next  winter,  near  the  bottom. 
During  the  hot  months  the  worms  seemed  to  work,  where  the  water  was 
salt,  nearest  to  the  surface  ;  later,  as  the  temperature  of  the  air  decreased, 
and  the  surface  water  cooled  or  became  less  salt  in  consequence  of  rain- 
fall, they  worked  near  the  bottom.  So  completely  were  these  heavy  yel- 
low pine  piles  destroyed  in  a  few  months,  that  the  strength  of  one  man 
was  sufficient  to  break  them  short  off,  although  many  of  them  exceeded 
18  and  20  inches  in  diameter. 

As  it  is  believed  that  the  eggs  of  the  Teredo  are  not  hatched  until  May 
or  June,  and  sometimes  still  later,  and  that  the  young  animal  does  not 
fairly  begin  its  operations  until  June  or  July,  and  sometimes  in  August, 
from  three  to  five  months  seem  sufficient  for  them  to  honeycomb  a  piece 
of  timber  of  any  size,  during  seasons  favorable  for  their  jiropagation  and 
development  ;  that  i.s,  when  but  little  rain  falls  on  the  coast,  and  the  sea- 
water  is,  consequently,  (juite  salt.  Pieces  of  very  heavy  yellow  pine 
timber,  14  by  16  inches,  just  from  the  mill,  were  placed  in  the  water  in 
May  and  June,  and  taken  out  in  the  month  of  October  following  ; 
although  but  15  feet  in  length,  they  ^^ould  not  support  their  own 
weio-ht,  resting  at  both  ends. 
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The  long  bridges  across  Bay  St.  Louis,  10,055  feet,  iuid  Bay  Biloxi, 
6,136  feet  loug,  built  iu  1869  and  1870,  on  heavy  yeUow  pine  piles,  from 
15  to  20  inches  and  more  in  diameter,  had  to  be  reconstructed  in  the  winter 
and  spring  of  1871,  by  dri\dng  an  entire  new  set  of  piles  in  the  place  of 
those  destroyed  by  the  Teredo.  TJie  Bay  St.  Louis  bridge  piles — the 
new  ones — were  covered  with  felt  and  copper  (or  yellow  metal  sheathing) , 
and  the  Biloxi  bridge  jiiles  with  felt  and  zinc,  from  the  water  Hne  to  the 
bottom  ;  the  dejitli  at  Bay  St.  Louis  being  from  10  to  12  feet  generally, 
and  at  Biloxi  Bay  from  10  to  15  feet. 

Before  driving  the  new  piles,  the  recpiired  depth  of  penetration  being 
known  by  the  record  of  the  driving  of  the  old  piles,  the  portion  intended 
to  include  the  space  from  the  water-line  to  the  bottom  was  reduced  to — ■ 
from  10  to  12  inches  in  diameter  and  rounded,  to  receive  the  covering  of 
felt  and  copper  (or  yellow  metal),  or  felt  and  zinc,  which  was  j)ut  on  on 
shore.  At  Bay  St.  Louis  unfortunately,  or  ill-advisedly,  the  piles  were 
not  felted  and  coppered  for  a  sufficient  length  to  allow  for  the  increase 
of  depth  due  to  the  scour  caused  by  the  tidal  currents  and  the  contrac- 
tion of  the  water-way  by  the  new  jjiled  bents.  The  cox:)pering  reached 
the  old  bottom,  but  the  bottom  was  washed  ont  below  the  protection,  in 
many  places  around  the  piles  in  the  new  bents,  thus  leaving  them 
exposed  to  the  ravages  of  the  Teredo  below.  However,  as  the  Teredo 
always  prefers  to  work  lengthwise  of  the  grain  of  timber,  and  does  so  in- 
variably when  he  can,  or  except  where  so  many  animals  enter  as  to  com- 
pel their  working  at  right  angles  to  it  in  order  to  keej)  out  of  each 
other's  way,  those  animals  which  attacked  the  scarfed  portion  of  the  piles 
below  the  coppering,  where  reduced  to  receive  the  same,  naturally  worked 
dovniwards  with  the  grain  and  in  the  sapwood,  thus  weakening  the 
pile  Ijut  little.  In  those  cases  where  the  coppering  did  not  (piite  reach 
the  scarfed  part  of  the  pile  there  was  danger  of  the  worms  entering  in 
sufficient  numbers  nevertheless,  to  cut  the  pile  oif  there  or  to  seriously 
weaken  it,  though  the  animals  which  entered  next  to  the  copper  would 
turn  upwards  with  the  grain  of  the  wood. 

In  1872,  the  writer,  who  was  placed  in  charge  of  this  road  after  the 
rebuilding  of  these  two  bridges  across  Bays  St.  Louis  and  Biloxi,  em- 
ployed a  diver  who  used  a  submarine-armor  dress,  to  examine  each 
pile  in  both  bridges.  This  examination  showed  that  many  of  the  piles 
in  the  Bay  St.  Louis  bridge  had  been  damaged  by  the  Teredo  below  the 
coppering,  some  of  them  dangerously  so,  and  that  the  animals  were  still 
at  work  in  them.  It  became  necessary  to  tiud  a  remedy  to  stop  their 
ravages. 
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Pieces  of  wood  containing  live  Teredos  were  covered  under  water 
with  sand  and  earth,  thus  cutting  off  their  connection  with  jcrated  salt- 
water :  they  died  in  a  few  days.  Sand  and  clay  were  accordingly  hauled 
in  sufficient  quantities  and  dumped  around  the  new  piles  to  cover  the 
exposed  parts.  Although  this  was  gradually  washed  away  again,  it  re- 
mained long  enough  to  kill  the  Teredos  in  the  timber,  and  thus  the 
piles  were  saved  from  destruction.  The  piles,  much  injured,  were  re- 
placed with  new  ones,  previously  charred  with  coal-tar  burnt  on  them, 
washed  ■\^dtll  dead  oil,  and  coated  Math  coal-tar  varnish,  and  all  loose  or 
broken  sheets  of  copper  were  renailed  under  water  or  patched  with 
tarred  canvass  and  copper  sheets.  In  some  few  places  it  was  found  that 
the  worms  had  entered  above  the  coppering,  where  the  piles  had  been 
driven  a  little  too  deep  ;  these  were  covered  higher  with  tarred  canvass 
and  coi)j)er.  It  was  estimated  that  this  copj)ering,  akeady  considerably 
thinned  by  decomposition,  was  good  for,  perhaps,  3  or  4  more  years. 
As  before  stated,  the  exposed  parts  of  the  new  piles  in  the  Biloxi  Bay 
bridge  w'ere  covered  with  felt  and  zinc,  instead  of  copper,  and  for  a  suffi- 
cient depth  to  allow  for  the  increased  scovir.  In  driving  the  piles,  many 
of  the  sheets  had  become  loosened,  as  also  at  Bay  St.  Louis,  by  the  blows 
of  the  pile-driving  hammer,  and  but  for  the  felting  the  piles  would  have 
been  very  imperfectly  j)rotected  indeed.  All  the  loose  sheets  were  re- 
nailed  and  the  broken  places  patclied  by  the  diver,  and  but  few  piles 
were  found  damaged  seriously  by  the  Teredo.  The  zincing,  which  had 
been  on  but  one  year,  was  found  to  be  much  corroded  into  small  holes 
in  many  jjlaces,  particiilarly  whert^  loosened  from  the  felting  ;  it  was 
estimated  that  it  would  not  last  more  than  one  or  two  years  longer.* 

The  writer  is  confident  that  had  the  covered  j)ortion  of  the  piles  been 
well  coated  with  thickened  (boiled)  coal-tar  before  the  felting  was  put 
on,  and  the  felting  itself — with  the  same  material  under  the  metal  sheets, 
the  latter  woxdd  have  lasted  much  longer,  because  exj)osed  to  the  salt- 
water only  on  the  outside,  and  the  felt  also  would  have  been  protected 
from  decay.  As  the  Teredo  cannot  penetrate  any  such  soft  fibrous  or 
spongy  substance  as  felting,  or  tliick  paper,  or  the  bark  of  pine  timber — 
and  this  is  the  reason  why  the  spongy,  fibrous  w^ood  of  the  cabbage-tree 
palm,  is  never  attacked  by  the  Teredo — the  i^reservation  of  the  felt  cover- 
ing was  certainly  a  matter  of  great  importance. 


*  The  piles  in  the  Bay  St.  Louis  bridge  were  covered  with  16-ounce  "  yellow  metal,"  or 
compositiou  sheathing,  such  as  is  used  ou  ships'  bottoms.  The  Bay  Biloxi  bridge  piles  were 
covered  with  sheet  zinc,  numbers  9,  10,  H  and  12,  weighing  from  11  to  17  ounces  per  square 
foot,  and  some  few  of  them  with  number  11  sheathing  zinc,  weighing  21  ounces  per  square 
foot.  The  lightest  zinc  sheets  used  were  so  corroded  in  one  year's  time,  that  numerous  small 
boles  had  been  made  through  them. 
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The  aetiou  of  salt  water  upon  copper  and  zinc  slieets  is  very  destriie- 
tive,  and  tarred  felt  is  even  a  better  protection  than  metal  for  snhmerged 
timber,  because,  aside  from  the  question  of  durabilitv,  the  former  can 
be  more  closeh'  titted  than  the  latter  to  the  timber.  With  metal  onh", 
the  sea  water  can  penetrate  under  the  sheets  (especially  where  loosened 
or  broken),  and  where  sea  water  enters  and  ebbs  and  flows  •with  the  tides, 
so  can  the  ship-worm  enter  and  work.  If  felt,  saturated  with  the  dead 
oil  of  coal-tar  and  well  coated  -ft-ith  thickened  coal-tar,  can  be  secured 
to  and  maintained  on  the  outside  of  submerged  timber,  it  may  be  con- 
sidered safe  from  the  ravages  of  the  Teredo.  This,  it  is  thought,  can  be 
done  in  several  ways;  by  nailing  with  broad-headed  nails,  either  with  or 
without  metal  strips  Avound  around  spirally,  or  by  nailing  on  outside  of 
the  felting,  when  the  timlier  is  squared  or  reduced  to  plane  surfaces, 
thin  boards  with  Itevelled  edges,  which  have  been  previously  thoroughly 
creosoted  or  carliolic  acidized. 

It  may  be  said  that  it  is  better  to  charge  the  whole  piece  of  timber  at 
once,  and  have  done  -witli  it,  but  when  piles  from  50  to  70  feet  in  length 
must  be  used,  as  at  Bays  St.  Louis  and  Biloxi,  where  the  Avater  Avas  only 
from  10  to  15  feet  in  depth,  with  30  or  more  feet  of  mud  and  clay,  the 
cost  of  charging,  uselessly,  the  portion  below  the  bottom  becomes  an 
important  consideration.  In  other  portions  of  the  railroad  from  Ncav 
Orleans  to  Mobile,  piles  AA'ere  required  to  be  used  from  70  to  90  feet  in 
length,  in  Avater  from  45  to  50  feet  in  depth  ;  and  the  Teredo  works  to 
the  bottom,  at  any  known  depth,  in  our  waters. 

The  sap-Avood  portion  of  yelloAv  jiine  timber  can  be  easily  charged 
with  dead  oil  by  boiHng  in  an  open  tank,  as  the  AAi-iter  has  determined 
by  actual  trial  with  round  sticks  from  70  to  80  feet  in  length,  but  the 
pitchy  heart  wood  cannot  be,  by  any  process,  in  very  large  pieces,  if  at 
aU.  With  round  piles,  unhewn,  if  the  sap-wood  is  charged,  and  the 
cracks  and  checks  are  fiUed  with  thickened  coal-tar,  no  worms  can  pene- 
trate to  the  heai't  wood  ;  it  is  better,  therefore,  to  use  round  piles,  if  to 
be  creosoted,  and  Avitli  the  bark  on  if  not  otherwise  to  be  protected. 

The  Teredo,  as  before  remarked,  works  in  our  Avaters  at  all  known 
depths,  as  at  the  bottom  at  Pascagoula,  Pearl  riA^er,  the  Rigolets,  and 
Chef  Menteur.  At  those  places,  too,  Avhere  the  depths  vary  from  20  to 
30,  40  and  50  feet,  the  worms  do  not  work  near  the  surface,  Avhere  the 
water  is  fresh  or  brackish,  but  beneath  it,  in  the  salt  water,  and  most 
where  it  is  most  salt,  near  the  bottom.  In  some  cases,  they  enter  just 
above  the  bottom,  and  work  their  length  downward,  below  it,  as  well  as 
from  just  below  the  water-line  up.     The  piles  used  to  cross  the  shallow 
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lakes  ami  bayous,  in  the  sl^x  marshes  on  tlio  line  of  tliis  i-iiilroiid,  from  5 
to  0  feet  in  deptli,  are  not  injured  by  the  Teredo,  l)ut  in  the  open  salt 
water  Bays  St.  Louis  and  Biloxi  they  work  nearest  the  surface  in  dry, 
hot  weather,  and  nearest  the  bottom  during  cool  or  wet  Aveather.  During" 
our  rainy  summer  seasons,  the  Teredos  do  not  make  tlieir  appearance 
until  late  in  August  and  September,  and  then  are  not  largely  i^ropagated  ; 
but  they  grow  several  inches  in  length,  in  from  four  to  eight  weeks,  when 
they  do  appear.  When  we  have  a  dry  summer  and  autumn,  and  the  sea 
water  is  very  salt,  they  begin  their  work  early,  and  are  terribly  destruc- 
tive. How  long  they  live  is  not  known,  l^ut  they  certainly  live  through 
(Hir  Aviuters,  and  pr()l>ably  for  one  or  more  years,  constantly  increasing 
in  size  and  length,  if  they  have  un2:)erforated  wood  before  them  to  bore 
through  and  grow  in,  and  giving  birth  to  successive  families  of  larvae. 

It  is  generally  conceded,  now,  that  the  process  of  creosoting,  or 
"  carbolic  acidizing, "  with  the  dead  oil  of  coal-tar  which  contains  car- 
bolic acid,  is  the  best  preservative  of  timber  and  protection  against  the 
operations  of  the  Teredo  ;  this  lias  stood  the  test  of  use  perfectly,  since 
1839,  at  many  points  on  the  coast  of  England,  France  and  Holland.  M. 
Crepinmade  extensive  experiments  in  Belgium,  and  says  :  "in  a  word, 
"it  is  proven  that  sea  water  has  no  action  on  creosoted  surfaces,  and 
' '  that  the  portions  of  the  wood  well  impregnated  preserve  their  pene- 
"trating  odor,  and  present  no  trace  of  alteration."  The  commission 
appointed  by  the  Du.tch  Government  ' '  tried  faithfully  and  exteusivety 
"various  processes"  for  the  preservation  of  wood  from  the  attacks  of  the 
Teredo,  and  the  conclusion  was  that  the  creosote  oil  was  the  only  "  true 
"  preservative  against  the  liaA'oc  to  which  wood  is  exjjosed  on  the  part  of 
"  the  naval  worm  ;"  and  exj)eriments  in  Holland,  under  the  direction  of 
the  Amsterdam  Academy  of  Sciences,  established  the  same  thing. 

The  i^rinciple  question  now  is — not  ivhai  is  the  best  preservative  and 
preventive,  for  that  is  known, — but  how  best  and  most  economically  to 
use  creosote  oil  so  called,  or  "dead  oil,"  as  it  is  known  here,  ajiroduct  of 
coal-tar  ? 

It  may  not  be  uninteresting  to  give  some  other  particulars  respecting 
the  Teredo,  its  jDropagation,  and  how  he  cuts  his  way  through  the  hardest 
wood.  M.  Figuier  says  :  ' '  The  singular  Acephelous  Mollusc  known  as 
"the  Teredo  Xavalis,  *  '■''  has  the  appearance  of  a  long  worm  without 
' '  articulations.  Between  the  valves  of  a  little  shell,  A\ith  which  it  is 
"provided  anteriorly,  m.iiy  be  seen  a  sort  of  smooth  rim,  which  surrounds 
"a  swelling  projecting  pad  or  cushion,  regarded  as  a  foot.  '•"  *  The 
"bodj"  of  the  Teredo  is  enveloped  by  the  shell  and  mantle,  the  latter  of 
"which  forms  a  sort  of  sheath,  communicating,  by  two  siphons  with  the 


"  exterior  "  sea- water.  "  The  mautle  adheres  to  the  circumference  of  the 
"  shell,"  and  is  "  transparent  enough,  especially  in  the  young,  to  permit 
"  of  the  mass  of  the  liver,  the  ovary,  the  branehiie  and  the  heart  being 
"distinguished  in  the  interior,  even  to  counting  the  i^nlsations  of  the 
' '  latter.  The  siphons  are  extensile  and  attached,  the  one  to  the  other 
"for  about  two-thirds  their  length.  It  is  by  these  tubes  that  the  aerated 
"  water  enters,  which  feeds  the  animal  and  enables  it  to  breathe.  It  is 
' '  discharged  by  the  second  tube,  w'hen  deprived  of  its  oxygen  and  no 
"  longer  respirable,  carrying  with  it  also  the  useless  products  of  diges- 
"  tion.  On  the  upper  edge  of  the  anterior  jjortion  of  the  body  of  the 
"animal  is  the  mouth,  a  sort  of  funnel,  flat  and  sUghtly  bell-shaped,  fur- 
"nished  with  four  labial  palpi,  a  stomach  *  *  and  a  well  developed 
"  intestine." 

"  The  heart  consists  of  two  auricles  and  a  ventricle,  which  beat  at 
"very  irregular  intervals,  four  or  five  in  a  minute.  The  blood  is  color- 
' '  less,  transparent,  and  charged  with  small  irregular  corpuscles.  The 
"  act  of  breathing  is  accomplished  in  the  branchia»,  or  gills,"  which  are 
arranged  like  the  leaves  in  a  book.  ' '  The  nervous  system  is  well  devel- 
"oped  and  consists  of  nervous  filaments  and  of  ganglions  which  are 
"  distributed  to  the  mantle,  the  brauchiie,  the  foot  and  the  sii^hon  tubes." 
"  Tlie  Teredo  lays  a  spherical  greenish -yellow  egg,"  which,  "  shortly 
■  •  after  fecundation  ^'  *  is  hatched.  At  first  naked  and  motionless, 
■ '  these  larvae  are  soon  covered  -with  vibratile  cilia,  when  they  begin  to 
' '  move,  at  first  *  *  revolving  raj^idly,  *  *  afterwards  swimming 
"  about  freely  in  water." 

"  TVlien  one  of  these  larvse  has  found  a  piece  of  submerged  wood  *  * 
'  it  fabricates,  ste^j  by  step  and  as  it  requires  them,  the  organs  neces- 
'  saiy  for  the  performance  of  its  functions.  It  begins  by  creeping  along 
'  the  surface  of  the  wood  *  *  and  is  observed,  from  time  to  time,  to 
'  open  aad  shut  the  valves  of  the  little  embryo  shell  which  partly  envelopes 
'  it.  As  soon  as  it  has  found  a  part  of  the  wood  fit  for  its  purpose,  it 
'  pauses,  attacks  the  ligneous  substance,  and  soon  produces  a  little  depres- 
'  sion  or  opening  (about  one  twenty-fourth  of  an  inch  in  diameter),  which 
'  will  be  the  entrance  to  the  future  tunnel.  Once  fairly  lodged  in  this 
'  little  opening,  the  young  Teredo  is  rapidly  developed ;  it  covers  itself 
'  with  a  coating  of  mucous  matter,  which,  condensing  by  degrees,  assumes 
'  a  brownish  tint,  forming  a  solid  covering,  with  two  small  holes  for  the 
'  passage  of  the  siphon  tubes.  At  the  end  of  three  days  this  covering 
"has  become  quite  solid;  it  is  the  commencement  of  the  calcareous 
"  tube,  in  which  the  animal  is  to  attain  its  full  size.  When  secured  be- 
"neath  this  oj)aque  screen,  the  little  miner  is  no  longer  ex^josed  to  ob- 

•  •  servation  ;  but,  if  his  cell  is  opened  at  the  end  of  a  few  days,  it  is 

•  •  found  that  it  has  secreted  a  shell,  larger  and  more  solid  than  the 
"  original  one,   and  this  is  the  shell  of  the  adult  animal." 

"  The  young  Teredo,  which  feeds  on  the  raspings  of  the  wood  (?)  iu- 
' '  creases  rapidly  ;  it  passes  first  from  a  spheroid  form  to  an  elongated 
"  shape,"  but  it  seems  to  grow  very  much  in  diameter  immediately  after 
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entering  its  "  ligneous  channel,  now  the  dwelling-place  of  the  animal," 
before  extending  the  tubs,  which  increase-i  gradually  in  diameter,  with 
its  growth,  afterwards. 

Mr.  Figuier  says  :  ' '  The  process  by  which  a  creature,  soft  and  naked 
"  like  the  Teredo,  should  break  into  a  solid  piece  of  the  hardest  wood  so 
' '  quickly,  and  destroy  it  with  so  much  facility,  was  long  a  mystery. 
"Until  very  recently,  tJte  shell  was  looked  on  as  the  implement  of  perfora- 
"tion."  He  considers  that,  if  so,  "the  sheU  should  preserve  certain 
"  traces  of  its  action  upon  surfaces  so  resistant  as  oak  and  fir,"  but  "the 
' '  shell,  on  the  contrary,  is  in  such  cases  perfect,  with  no  signs  of  f ric- 
"tion."  He  thinks  that  "the  muscular  ap^aaratus  of  the  Teredo  is  not 
' '  well  calculated  to  put  the  shell  into  rotary  action,  were  the  process  a 
"boring  one,"  but  in  this  he  is  certainly  in  error. 

"  Some  naturalists, "  he  adds,  "  have  suggested  *  *  that  the  animal 
* '  is  furnished  with  the  means  of  secreting  a  liquid  capable  of  dissolving 
"  the  woody  fibre,"  but  "this  has  been  met  by  the  statement  that,  in 
"  whatever  way  the  wood  is  attacked,  whether  the  gallery  is  excavated 
"  with  or  across  the  fibre,  *  *  the  groove  is  as  exactly  and  neatly 
"  cut  as  if  it  had  been  perforated  by  the  sharpest  tool,  and  that  a  cor- 
"  roding  dissolvent  could  not  act  with  this  regularity,  but  would  attack 
"  the  harder  and  more  tender  parts  unequally."  M.  Figuier  admits 
that,  "  this  objection,  which  M.  Quatrefages  opposes  to  the  idea  of  a 
"  chemical  solvent,"  is  unanswerable. 

M.  Quatrefages  also  says  :  "Let  us  not  forget  that  the  interior  of  the 
' '  gallery  is  constantly  saturated  with  water  ;  consequently,  all  the  points 
"  of  the  walls  which  are  not  protected  by  (the  calcareous  lining  of)  the 
"  txibe  are  subjected  to  constant  maceration.  In  this  state  a  mechanical 
"  action,  even  though  inconsiderable,  Avould  suffice  to  clear  away  the 
"  bed  of  fibre  thus' softened,  and,  if  this  action  is  in  any  degree  continu- 
"  ous  (as,  obviously,  it  is  and  must  be),  it  suffices  to  explain  the  excava- 
"  tion  of  the  galleries,  however  extensive  their  ramifications.  Again,  the 
"  up2)er  cutaneous  folds,  especially  the  cephalic  hood,  ha\dng  the  power 
"■  of  expanding  at  wiU  by  an  afflux  of  blood,  being  covered  with  a  thick 
"  coriaceous  epidermis,  and  moved  by  four  strong  muscles,  seems  to  be 
"  very  capable  of  performing  the  operation.  It  appears  very  probable 
"  that  it  is  this  Jiood  (and  not  the  shells)  which  is  charged  with  the  re- 
"  moval  of  the  woody  fibre,  rendering  it  incapable  of  resistance  by 
"  previous  maceration,  which  may  also  be  assisted  by  some  secretidu 
"  from  the  animal." 

M.  Figuier  adds  :  "That  the  flesh//  parls  of  the  mollusc,  acting  upon 
"  the  surface,  softened  by  long  (?)  maceration  in  water,  is  the  true  boring 
"  imphnieyit  employed  by  the  Teredo,  is  probably  the  only  explana- 
"  tion  the  case  admits  of  ;  at  all  events,  in  the  presents  state  of  our 
"  knowledge,  the  explanation  of  this  naturalist  (M.  Quatrefages),  is  the 
"  most  x'easonable  which  can  be  given." 
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An  examiniitioii  of  the  sheJb  or  valves  of  the  Teredo  under  a  powerful 
microscope,  by  Dr.  C.  B.  White,  president  of  the  New  Orleans  Board 
of  Health  and  by  the  writer,  has  fully  convinced  them  that  the  valves  or 
shells  are  the  only  true  implements  of  ^perforation,  as  first  supposed  ; 
for  all  the  strife  on  the  convex  faces  of  the  shells  or  valves,  are,  in  fact, 
microscopic  crystal-toothed  saws,  the  teeth  about  the  one  thousandth  of 
an  inch  high,  and  the  same  distance  apart,  one  set  of  stri.e  or  parallel 
saws  arranged  at  right  angles  to  the  other,  so  as  to  cross-cut  the  surface 
to  be  excavated,  most  admiralily  and  perfectly  adapted  for  the  purpose 
intended. 

Before  concluding  our  account  of  the  boring  apparatus  of  the 
Teredo,  and  of  how"  it  is  operated,  it  is  aijplicable  to  quote  a  few  passages 
respecting  its  congener  the  Pholas,  and  how  it  operates. 

"The  manner  in  which"  (says  Mr.  Tryon)  "  the  animals  of  Pholas 
' '  excavate  the  holes  in  rocks,  wood  and  hard  clay,  in  which  they  reside, 
' '  has  long  proved  a  puzzling  question  to  naturalists,  and  varioiis  theories 
"  have  been  started  in  explanation.  The  hypothesis  of  the  evolution  of 
"an  acid  or  solvent  to  eat  away  the  surface  of  limestone  rocks,  w^as  met 
"  with  the  powerful  objection  that  the  delicate  valves  of  the  animal 
' '  itself  would  be  equally  liable  to  attack,  and  when  it  was  found  that 
"  the  Pholas,  not  restricting  its  operations  to  carbonate  of  lime,  ex- 
' '  cavated  with  equal  facility  surfaces  on  which  acid  has  no  effect,  gneiss, 
' '  for  instance,  '  the  solvent  theory  '  received  its  death  blow.  The  use 
"  of  the  valves  with  their  sharp  imbrications  in  effecting  the  work  of 
"  excavation"  (he  says,  nevertheless),  "is  forbidden  by  their  frequently 
"  perfect  state  (as  they  should  be  if  renewed),  even  when  contained  in 
"  the  hardest  substances,  (exemplified  by  a  piece  of  extremely  hard 
"  gueissic  rock  from  the  coast  of  France,  containing  a  magnificent 
"  specimen  of  Dactylina  Dactylus,  with  its  imbricated  ribs  sharp  anil 
"  Ijerfect.  C'oll.  Acad.  Nat.  8ci.).  The  anterior  part  of  this  animal,  the 
"  Pholas,  has  a  granulated  surface,  caused  by  the  presence  of  numerous 
"  siliceous  particles,  and  this  is  probably  the  instrument  which  the 
"  animal  employs  in  its  work.  Recent  investigations  have  shown  that 
"  these  granules  are  renewed,  as/as/  as  ff/e>/  are  varn  off  hi/  aiiritiou  with 
"  the  surrounding  surface." 

"  De  Blainville"  (says  Figuier)  "thouglit  that  a  simple  movement  of 
"the  shell  incessantly  repeated  would  suffice  to  pierce  the  stone,  ma- 
"  cerated  by  the  sea  water  passed  through  the  breathing  a})paratus. 
"  Mr.  Robertson,  of  Brighton,  exhibited  the  living  Pliolas  in  the  act 
"  of  boring  through  masses  of  chalk,  and  thinks  the  process  entirely 
"  effected  by  the  simple  mechanical  action  of  the  hydraulic  apparatus, 
"  rasp  and  syxinge. " 

"If  you  examine  the  living  molluscs,"  says  (iosse,  "you  v\ill  se;-  that 
"  the  fore  part  of  the  shell,  where  the  foot  protrudes,  is  set  with  statnj 
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^^  poiiilx  nrraiujed  in.  transverse  and  loiKjituduial  roirs,  tlie  former  being 
"  the  result  of  elevated  ridges,  radiating  from  tlie  hinge,  the  latter — that 
"  of  the  edges  of  successive  growths  of  the  shell.  These  points  have  the 
"  most  accurate  resemblance  to  those  set  o)i.  a  steel  rasp  in  a  blacksmith 
"shop."  The  animal,  Gosse  adds,  "turns  in  its  burrow  from  side  to 
"  side  when  at  work,  adhering  to  the  (front  portion  of  the)  interior  by 
"  the  foot  (or  sucker),  and  therefore  only  partially  rotating  to  and  fro. 
' '  The  substance  is  abraded  in  the  form  of  a  line  powder,  which  is  gradu- 
' '  ally  ejected  from  the  mouth  of  the  hole  by  contraction  of  the  efferent 
"  siphon." 

The  Teredo,  probably,  works  in  a  precisely  analogous  manner;  by 
adhering  to  the  front  end  of  his  tube  by  means  of  his  foot  or  sucker  and 
so  graduating  at  will  the  feed  of  his  saws  or  rasp,  which  he  works  by  a  to 
and  fro  rotary  motion  and  changing  from  time  to  time  as  required,  the 
point  of  adhesion  of  the  foot  and  the  application  of  his  transverse  and 
longitudinally  arranged  system  of  "  gang-saws  "  or  i*asps.  It  seems  ob- 
vious, when  examining  the  glittering  crystalline  teeth  so  systematically 
arranged  in  parallel  rows  on  the  valve  shells  of  the  Teredo,  that  no  bet- 
ter arrangement  could  have  been  adopted  for  abrading,  by  a  rasping  to 
and  fro  rotary  motion,  the  surface  of  hai'd  wood  or  of  anything  less  hard 
than  the  valve  shells  themselves,  and  not  too  soft  or  too  spongy  or  too 
fibrous  to  be  pulverized. 

The  Teredo,  very  naturally,  prefers  to  worli  with  tht^  grain  of  timber 
and  always  does  so  unless  i:)revented,  because  thereby  the  woody  fibre  is 
moi'e  easily  abraded  and  reduced  to  an  impalpable  jJOAvder.  The  convex 
front  of  the  shells,  however,  enables  the  animal  to  work  at  right  angles 
to  the  grain  of  wooil,  or  in  any  direction  if  necessity  compels  his  doing 
so.  He  makes  short  and  al)rupt  turns  and  tortuous  windings,  or  some- 
times even  retracts  himself  and  starts  again  at  right  angles  to  his  gal- 
ler3^  He  avoids  knots  in  timber,  by  preference,  but  when  crowded,  the 
hardest  and  most  resinous  yellow  pine  knots  are  })erforated  with  so  much 
apparent  ease  as  any  other  part  of  the  wood.  Resin  is  certainly  no  pro- 
tection whatever. 

A.  certain  hardness  of  the  Avood  worked  in  is  a  pre-requisite  condition 
and  without  it  the  Teredo  is  powerless  ;  therefore  felt,  canvas,  or  thick 
paper  even,  particularly  if  saturated  \\\i\\  dead  oil  or  with  coal-tar — which 
repels  the  worm  and  preserves  the  material — is  a  protection,  so  far  as  it 
can  l)e  put  on  and  maintained  without  lireaks  or  oi^enings.  By  nailing  a 
sheathing  of  creosoted  boards  over  the  felt,  canvas  or  paper  covering, 
the  latter  would  be  protected  and  preserved,  while  the  dead  oil  or  coal- 
tar  would  protect  the  nails  from  oxidation. 


167 

The  wrih'i-  knows  of  uii  iustaiicc  wlu'vc  tlie  l)ottom  of  a  dredge-boat, 
■\vorkiii2;-  ill  salt  water,  was  protected  and  preserved  from  the  operations 
of  the  Teredo  by  means  of  a  sheathing  of  one-inch  c^^iress  boards,  with 
a  layer  of  felt  interposed  between  it  and  the  boat's  bottom.  Neither  the 
sheathing  nor  the  felt  was  creosoted,  but,  notAvithstanding  that  the 
sheathing  boards  were  destroyed  or  honey-combed  by  the  Teredo,  the 
layer  of  felt  was  not  penetrated,  and  of  course  the  boat's  bottom  was 
nniiijureil. 

The  Teredo  is  nowhere,  perhaps,  more  destructive  in  its  operations 
than  on  the  gulf  coast  of  Texas.  Owing  to  the  warmth  of  the  climate 
there,  the  worm  works  nearly  if  not  quite  all  the  year  round. 

For  the  accommodation  of  the  Morgan  Line  of  New  Orleans  and 
Texas  Steamships,  a  large  jiiled  wharf  AS'as  constructed  in  1869  at  Eock- 
port,  in  Aransas  Bay,  on  the  Texas  coast.  To  protect  the  exposed  j^or- 
tions  of  the  jjiles  of  this  wharf,  from  the  high-water  line  to  the  bottom, 
this  part  of  each  pile  was  carefully  charred  by  burning  its  surface.  The 
charring  of  the  piles — ^because  the  Teredo  cannot  Avork  upon  the  soft 
charred  surf.ice — served  to  protect  them  from  the  Teredo  temporarily,  or 
until  the  barnacles  had  time  to  attach  themselves  and  grow  sufficiently 
to  cover  the  surface,  and  thus  prevent  the  entrance  of  the  ship-worm. 
If  the  Teredo  enters  the  wood  in  advance,  there  is  no  doubt,  as  before 
stated,  tliiit  its  shelly  styles  ov  pallets  are  used  to  prevent  the  formation 
of  the  shell  of  the  l)arnacle,  or  of  any  other  obstruction,  over  the  small 
hole  through  Avhich  the  Teredo  supplies  itself  Avith  aerated  Avater,  and 
Avith  the  animalcules  Avhii-h  constitute  its  food.  But  for  this  provision 
for  the  protection  of  the  Teredo,  the  barnacle  would  extend  his  shell 
over  the  entrance  hole  of  the  former,  and  suffocate  it  in  its  gallery  or 
tube.  Barnacles  form  on  the  exterior  of  Avood  containing  the  Teredo,  it- 
is  true,  l)ut  they  do  not  cover  their  entrance  holes  so  long  as  the  animals 
inside  are  living.  This  crustacean,  the  barnacle — groAvs  rapidly  and 
to  a  large  size,  tAvo  inches  and  more  in  diameter — in  the  Avaters  of  the 
Texas  coast,  and  its  hard  calcareous  A'ah^es,  cA'er  growing  and  pertaining 
to  a  liAdng  animal,  form  a  much  better  and  more  durable  protection 
against  the  entrance  f>f  the  Teredo,  than  any  perishable  metal  cover- 
ing. The  diflficulty  seems  to  be,  hoAvever,  that  protection  hj  means  of 
a  barnacle  coA'ering  is  not  sufficiently  certain  or  perfect,  eA^erywhere. 
If  the  Teredo  enters  before  the  barnacle  has  covered  the  surface,  (and 
this  requires  tAvo  or  more  mouths) — the  latter  will  not  succeed  in  covering 
it,  as  above  explained.      On  the  coast  between  Ncav  Orleans  and  Mol)ile, 
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tlie  barnacles  are  generally,  too  few  and  too  small  to  completely  cover 
the  exposed  surface,  except  after  a  long  time  if  ever,  and  further  north 
they  are  probably,  fewer  and  smalltu-  still.  Again,  the  Teredo  may  enter 
the  cracks  or  checks  in  the  timber,  and  thus  avoid  the  charred  surface. 
The  charred  and  barnacle  covered  piles  in  the  Eockport  wharf  have 
been  in  use  now  about  five  years,  and  the  writer  has  been  as.sured,  by 
Mr.  Morgan's  agent,  that  they  have  not  been  injured  by  the  Teredo  ;  as 
evidenced  by  the  occasional  breaking  of  a  pile  by  the  concussions  of 
steamships  in  effecting  their  landings,  no  signs  of  the  ship- worm  then 
appearing. 

The  following  simple  process,  in  some  respects  the  same  as  was 
adopted  by  the  writer  for  the  protection  of  the  new  piles  used  to 
replace  the  damaged  felt  and  copjjer-covered  piles  in  Bay  St.  Louis 
bridge  in  1872,  is  recommended  as  an  economical,  and  it  is  believed, 
a  rehable  method  of  in-otecting  timber  jjiles  in  salt  water  where  ex- 
posed to  the  ravages  of  the  Teredo.  Place  tranverse  timbers  or  skids 
far  enough  apart  to  permit  of  the  charring  of  the  piles  for  the  lengths 
required,  high  enough  to  allow  for  a  fire  of  the  chips  made  in  cutting 
and  pointing  the  piles  underneath  them,  and  long  enough  to  allow  for 
the  coating  of  several  piles  and  of  their  treatment  on  each  side  of  the 
fire  at  the  same  time  Remove  the  bark  (if  it  is  on  the  pile)  and  coat  the 
pile  with  coal-tar,  then  roll  it  slowly  over  the  fire,  so  as  to  set  fire  to  and 
burn  the  tar  coating.  Coat  again  with  tar  and  roll  back,  to  deepen  the 
charred  surface  as  well  as  to  burn  into  the  wood  (or  to  imin'egnate  it 
while  hot  with)  the  dead  oil  and  carl)olic  acid  contained  in  the  (X)al-tar. 
After  rolling  off  again,  and  as  quickly  as  possible  while  the  wood  is  yet 
hot,  apply  still  another  coating  of  tar  over  the  charred  surface,  and  then 
sift  or  sprinkle  over  all  a  good  coating  of  dry  beach  sand,  to  form  a  firm 
and  duraljle  concrete  crust.  It  would  be  well  to  roll  it  across  the  fire 
again,  to  help  unite  and  compact  the  sand  and  tar  into  a  concrete  sub- 
stance, but  not  to  set  fire  to  the  tar  again. 

Coal-tar  is  absorbed  freely  when  apphed  to  a  heated  surface,  whether 
wood  or  iron,  and  as  Mr.  Crepin  says  :  ' '  sea-water  has  no  action  on 
creosoted  surfaces, "  while  the  Teredo  is  effectually  repelled  by  it.  Raw 
coal-tar  applied  to  the  bottoms  of  iron-hulled  vessels,  after  the  same 
have  been  well  cleaned  and  dried,  immediately  after  heating  the  metal  by 
means  of  a  brasier,  is  the  best  known  preventive  of  oxidation  and  pres- 
ervative of  the  metal.  The  coal-tar  enters  and  fills  the  pores  of  the 
metal  when  expanded  by  heat  and  jjrevents  oxidation.  The  bottoms  of 
Mr.  Morgan's  iron-hulled  Texas  steamers  are,  and  have  been  for  a  number 
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of  years,  peridilieally  c-oatt'd  and  protertfil  in  this  way,  and  exi)erience 
has  fully  dt'inonstrated  the  valuf  and  reliableness  of  the  method. 

Cast-iron  water-ijipe  if  immersed  in  coal-tar  while  hot,  have  their 
pores  filled  and  are  coated  outside,  in  such  a  manner  as  to  prevent  oxida- 
tion and  preserve  them  when  in  use.  Cast-iron,  when  to  be  used  in  or 
Tinder  Avater  whether  fresh  or  salt,  would  be  protected  from  oxidation, 
by  immersing  the  castings  while  hot  or  after  being  reheated,  in  coal-tar. 

In  like  manner,  timber  can  be  j^artially  creosoted  by  heating  it,  m 
the  process  of  charring,  as  above  described,  or  sufficiently  so  to  protect 
it  from  the  Teredo,  particularly  if  in  combination  -with  the  same,  a  con- 
crete coating  of  sand  and  tar  is  formed  outside. 

In  conclusion,  it  may  be  said  that  the  cost  of  creosoting  machinery 
as  now  used  and  the  prices  demanded  as  royalty  on  existing  patented 
l^rocesses  ($4  per  thousand  feet  board  measure  of  timber  or  lumber  to 
be  treated,  in  addition  to  the  c-ost  of  machinery,  was  demanded  Df  the 
writer),  are  in  most  cases,  simply  prohibitory.  Cheaper  and  more  expe- 
ditious methods  are  much  needed,  and  it  is  hoped  that  some  light  has 
been  thrown  upon  the  subject  in  this  paper. 

A  singular  but  a  very  good  and  sul>stautial  wharf  has,  it  is  said,  been 
constructed  of  saw-mill  slabs  as  they  come  from  the  mill,  at  Pensacola, 
Florida,  l)y  the  proprietors  of  a  saw-mill  at  that  place.  For  a  fixed 
width,  the  slabs  are  placed  endwise  on  the  bottom  of  the  bay  as  nearly 
perpendicularly  as  they  will  stand.  As  new  slabs  are  added  to  the 
front,  the  wharf  is  gradually  extended  from  the  shore  line  outwards  into 
deei)er  water  ;  longer  slabs  being  used  as  the  water  deepens.  The  wharf 
is  therefore  nearly  one  solid  mass  of  pine  slabs,  covered  and  filled  in, 
probably,  with  saw-diTst. 

The  writer  is  informed  that  the  Teredo  has  perforated  the  outside 
slabs,  at  the  sides  of  the  wharf,  for  a  foot  or  more  into  the  wharf,  but 
that  all  the  inner  portion  is  untouched,  and,  judging  by  what  is  known  of 
the  habits  of  the  Teredo,  this  must  be  a  correct  statement. 

The  Teredo  must  have  a  connection  -with — in  order  to  breathe  and  ob- 
tain his  sustenance  from — the  pure  aerated  salt  water  outside  of  his  gal- 
lery. Within  such  a  wharf — through  which  there  would  be  no  current — 
the  water  w(.)uld  not  be  pure,  and  the  animacules  on  which  the  Teredo 
feeds  could  not,  Avithout  a  current,  enter  ;  therefore  it  is  probable  that  the 
Teredo  would  only  work  near  to  tlie  outside. 

Mr.  Fkaxcis  Colltxojwood. — I  have  l)een  much  interested  in  this 
paper,  since  it  gives  us  reliable  information  on  the  "ship- worm"  from 
a  locality  where  its  ravages  are  the  greatest. 


170 

Mr.  Biiylt\y  liiis  incidentally  meutioued  a  r(>])ort  miide  by  the  Amster- 
dam Academy  of  Science  ;  a  full  abstract  of  this  will  be  found  m  Van 
Nostraiid's  Magazine,  Vol.  r\",  page  466.  I  desire  to  call  attention  to  a 
report  of  experiments  made  in  Norfolk  harbor,  by  order  of  the  United 
States  Government  ;  the  conclusions  from  which  will  be  found  in  the 
Annual  of  Scientific  Discovery  for  1857.  Boxes  and  cubes  of  wood  of 
various  kinds  (both  protected  and  unprotected)  ^\■ere  placed  in  the 
water,  and  subjected  to  frequent  microscopic  examinations. 

The  conclusions  reached  were  as  follows.  Not  a  trace  was  discovered 
of  the  animal  before  June  20th,  nor  of  any  beginning  to  work  later  than 
September  29th.  The  animals  at  first  apj^earance  seem  to  be  perfectly 
formed,  and  during  the  summer  reach  a  length  of  6  to  12  inches,  and  a 
diameter  of  fth  inch.  The  cold  weather  usiially  destroys  them,  although 
some  specimens  always  live  through  the  winter.  In  Charleston  harbor 
they  develop  through  nearly  the  wdiole  year  ;  in  New  York  harbor  the 
season  is  somewhat  shorter,  while  at  Boston  and  Portsmouth  the  worm 
does  but  little  damage.  Their  ravages  are  always  less  in  muddy  than  in 
clear  water,  free  from  filth  ;  and  they  cannot  live  in  stagnant  water. 
They  never  bore  through  one  plank  or  board,  except  when  it  is  in  close 
contact  with  another.  The  bark  of  trees  is  a  protection  where  it  is  en- 
tire. Other  conclusions  are  the  same  as  those  stated  by  Mr.  Bayley  ; 
the  animal  being  microscopic,  the  entire  surface  must  be  completely 
covered  to  i^revent  its  attacks. 

The  Seely  process  for  creosoting  is  reconmieuded  as  the  most  reliable 
of  all.  By  this,  the  wood  is  placed  in  a  bath  of  creosote  oil,  and  ex- 
posed to  a  temperature  of  about  800  ;  after  the  water  has  been  expelled, 
the  hot  oil  is  quickly  replaced  by  cold  oil  ;  this  condenses  the  .steam  in 
the  pores  of  the  wood,  which  are  then  thorougiily  filled  by  the  creosote. 

Mk.  Ashbel,  Welch.* — A  convenient  way  to  preserve  j)iles  in  salt 
water  from  this  worm,  ^vitliout  resorting  to  the  expensive  processes  re- 
commended, is,  after  the  jiile  is  driven,  to  put  a  thin  casing  of  wood  or 
sheet  metal  around  it,  leaving,  saj  an  inch  .space  beween  the  two,  Avhich 
fill  wdth  gravel.  In  a  short  time  this  will  harden  and  form  a  coating 
about  the  pile  which  no  Teredo  or  other  kind  of  Avorm  will  put  his  teelh 
into.     The  casing  of  course,  will  soon  decay  or  corrode,  and  disajipear. 

Mk.  Julius  W.  Adams. — Does  not  the  preservation  of  jiiles  in  salt 
water  dej)end  more  on  the  absence  of  the  ship-worm  rather  than  on 


*  At  the  Evening  Session,  in  the  discussion  on  '■  The  Imi)vovemeuts  of  the  Water  Front 
of  New  York."     XCVI,  Transactions. 
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auy  i)refauti(»u  which  may  be  taken?  I  nnder.staml  that  in  the  very 
heart  of  the  timber  caisson,  hixinched  at  Greeupoiut,  l)rought  down  and 
sunk  for  the  Brooklyn  tower  of  the  East  Eiver  Bridge,  when  pieces  Avere 
'  cut  out  to  replace  Avhat  Avas  injured  by  the  fire,  a  liA-e  Teredo  an  inch 
long',  AAas  found.  This  would  seem  to  shoA\-  that  imless  the  protection 
or  casing  is  put  on  before  the  pile  is  driven,  the  worm  gets  in,  and 
though  it  cannot  be  supplied  A\ith  salt  water  yet  it  Ha-cs. 

^1b.  CoiiLiNGWOoD. — This  must  be  a  mistake  :  it  is  stated  by  all  those 
Avho  liaA-e  observed  the  haliits  of  the  Teredo,  that  it  dies  AA'hen  remoA'ed 
from  salt  water,  and  in  the  instance  cited  the  water  in  the  caisson  must 
have  lieen  there  a  long  time  and  the  worm  dead. 

Mi;.  John  D.  Van  Bieen.  Jk. — At  Hoboken  ferry  there  is  a  section 
of  a  built-up  column,  planned  by  myself  for  the  wharves  of  this  city, 
cased  Avith  clay  pipe  and  concrete  as  a  protection  against  the  Teredo. 
This  casing  may  be  bored  through  by  Ii1oa\s  of  a  sledge-hammei',  Avithout 
being  cracked.  It  would  seem  to  be  reliable  and  cheap  AAiien  applied  to 
cohimns  or  piles  of  large  diameter,  not  liable  to  spring. 

Mk.  WEtCH. — Unless  the  pile  is  forced  doAvn  by  pressure  as  is  done 
at  Hoboken  instead  of  by  lilows.  it  cannot  until  in  place,  be  protected  in 
the  manner  I  described.  I  haA-e  had  much  experience  with  these  worms, 
and  can  confirm  Avhat  has  been  said  of  the  effects  of  fresh  water  in  this 
vicinity.  It  is  the  practice  Avitli  the  boats  running  between  New  York  and 
Amboy,  when  the  Teredo  is  found  at  work  on  one  of  them,  to  take  it  into 
the  stream  toAvards  Xcav  BrunsAvick.  Avhere  in  from  12  to  2i  hours,  the 
worms  are  killed  by  the  fresh  Avater. 

Me.  J.  DuTTON  Steele. — It  is  stated  in  the  pajjer  read,  that  although 
these  borers  did  not  penetrate  beneath  the  mud,  there  Avas  practically  no 
limit  to  the  depth  at  which  they  Avorked.     Is  tliis  so  ? 

Mr.  Welch. — I  have  knoAvn  them  to  reach  IS  inches  beloAv  the  mud, 
always  entering  aljoA^e. 

Mk.  Collixgwood. — They  do  not  enter  the  pile  below  the  miid,  but 
may  follow  the  filire  doAvnward.  It  is  stated  by  all  writers  on  the  subject, 
that  the  Avorm  must  be  able  to  reach  clear  Avater  with  its  syphons,  which 
is  the  reason  why  it  keeps  open  the  jiassage  it  makes.  Being  a  mere 
speck,  the  smallest  break  or  crack  in  any  protection  permits  its  entrance, 
hence  driAing  nails  or  spikes  over  the  surface  of  the  timber  exposed  is  a 
failure. 
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Characteristics  of  the  Harbor. — It  requires  but  u  liasty  examina- 
tion of  the  characteristics  of  the  harbor  of  NeAv  York,  to  prove  that  its 
natural  advantages  are  unrivalled — perhaps  unequalled — in  the  Avorld  ; 
it  possesses  every  feature  desirable  in  a  great  commercial  port.  The  city 
is  situated  at  the  mouth  of  a  great  river,  navigaljle  for  nearly  160  miles 
by  vessels  of  large  size,  and  forming  with  its  connecting  canals  and 
the  lakes,  a  broad  highway  to  the  far  West.  Its  bay  is  expansive,  and 
land-locked  by  two  great  natural  breakwaters.  Long  Island  and  Stateu 
Island  ;  its  waters  are  deep  and  its  shores  bold.  It  has  two  broad  outlets 
to  the  ocean,  by  Sandy-Hook  and  by  Hell-Cxate  and  the  Sound.  The 
city  has  25  miles  of  water  front,  within  the  limits  of  the  island,  and  this 
has  lately  been  largely  increased  by  the  acquisition  of  territory  north  of 
the  Harlem  River  ;  all  of  which  is  available  for  quay  and  wharf  purposes. 
The  upper  bay  includes  within  its  area  13  square  miles  of  safe  anchoi'- 
age  for  large  vessels,  aiid  the  lower  bay  about  88  square  miles.  The 
average  rise  and  fall  of  its  tides  is  less  than  5  feet.      (See  Appendix  I). 

Physical  Featttres  of  the  Island.  —  The  lower  part  of  the  island  is 
generally  formed  of  sand  and  gravel  overlying  granitic  rock.  The  upper 
portion,,  which  is  high  on  the  west  side,  is  generally  rocky,  the  rock 
being  granite,  gneiss,  mica-schist  and  blue-bolders,  of  a  quality  lit  only 
for  ordinary  foundations.  A  considerable  depth  of  black  and  blue  mud 
ovei'lies  the  sand,  gravel  or  roek  of  its  shores.  Figs.  1  to  S,  showing 
boring-sections  made  by  Col.  Median  and  Maj.  Watson  of  the  Depart- 
ment of  Docks,  give  in  detail  the  character  of   the   bottom.      At  and 
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above  Eleventh  Street,  on  the  North  Eiver,  the  stratum  of  mii<l  rapidly 
deepens,  until  in  some  places,  it  reaches  a  dei^th  of  over  100  feet, 
varying  in  its  consistency  from  that  of  semi-fluid  material  to  that  of  stiff 
blue  clay.  On  the  East  River,  hard  bottom  is  reac^hed  at  more  moderate 
depths.  Good  holding  ground  for  piles  obtains,  Avith  few  exceptions, 
along  the  street  line  as  now  established  from  West  Eleventh  Street  to 
( 'Orlear's  Hook. 

The  climate,  except  in  extreme  winter,  is  genial,  and  the  surrounding- 
country  siirpassingly  rich  and  fertile.  Nature  has  thus  given  to  New 
York  all  the  natural  advantages  possible  in  a  commercial  port,  and  no 
expensive  or  difficult  problems  of  construction  stand  in  the  way  of  mak- 
ing its  water-front  the  most  available  one  in  the  world. 

HisTOKiCAL  Notices. — The  necessities  of  the  past  have  established 
and  developed  the  proper  general  system  of  docks  or  wharves  for  New 
York,  without  the  intervention  of  any  peculiar  engineering  skill.  A 
glance  at  the  history  of  its  development  will  conclusively  prove  this. 

New  York  Island  was  discovered  in  1609,  by  Henry  Hudson,  sailing 
in  the  "Half- Moon,"  in  the  employ  of  the  Dutch  East  India  Company, 
and  the  first  regular  settlement  upon  it  was  a  trading  post  established  at 
its  southern  extremity  by  Christianse,  in  1615.  ' '  The  earliest  record 
connected  with  wharves  and  docks  in  the  city,  is  one  dated  1654,  when 
Daniel  Litchoe,  tavern  keeper,  was  authorized  to  build  a  dock  on  the 
Strand."  ( Hoffman  on  the  Corp.) 

In  1656,  the  settlement  had  increased  to  2,000  souls,  and  a  brisk  trade 
in  fur  and  tobacco  had  been  established  with  Europe.  A  maj)  j)ublished 
in  that  year  by  Dr.  Adrian  Van  der  Dunks,  shows  at  least  one  wharf, 
near  the  present  site  of  the  Battery  (perhaps  the  "dock"  liuilt  by 
Litchoe).  "  There  was  an  ordinance  passed  in  1660,  which  recited  that 
the  Burgomasters  had  received  permission  from  the  Director  General  to 
take  a  certain  sum  from  shippers  and  owners  for  the  erection  of  a  pier 
for  the  accommodation  of  the  inhabitants."   {Ibid.) 

In  1672,  the  province  of  New  York  owned  6  sliii:)s  of  100  tons  bur- 
then, trading  with  Euroi)e  ;  and  in  1676  a  new  dock  was  built  and  jDaid 
for,  by  a  tax  levied  on  301  merchants.  In  1696,  the  merchant  marine 
amounted  to  60  ships,  40  "boats,"  and  62  sloops,  and  the  houses  num- 
bered 594.  In  the  Dongan  Charter  (1686)  we  find  mention  of  "the 
"bridge  into  the  dock,  the  wharves  or  docks  and  their  appurtenances." 

On  the  map  of  1695  (the  oldest  on  record  here),  there  appears  an  en- 
closed dock  just  east  of  Whitehall  Street,  with  a  bridge  or  pier  running 
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iuto  it  (uiidoiibtcdly  the  one  referred  to  in  the  charter  of  1680),  and 
another  at  the  foot  of  Wall  street,  marked  as  the  "  new  dock."  It  ap- 
pears then  that  so  far  back  as  1686,  the  city  had  a  dock  system  established. 
The  assessed  valuation  of  city  property  was  then  about  £75,694. 

In  1728,  the  dock  sj^stem,  as  shown  by  a  map  of  an  actual  survey 
made  by  James  Lyne,  consisted  of  alternate  narrow  slips  and  In-oad 
"keys"  or  moles,  only  4  jetties  or  wharves  appearing  (on  the  North 
River).  This  system  extended  ui)  the  shore  of  the  East  River  from  the 
Battery,  for  nearly  one  mile,  and  furnished  a  very  short  wharf-line  for 
the  extent  of  water  frontage  occupied,  on  account  of  th(»  great  distance 
between  the  slips. 

By  the  year  1782,  as  appears  from  a  map  by  I.  Hills,  the  dock  system 
had  been  entirely  changed.  A  largely  increased,  active  and  localized  com- 
merce, requiring  a  greatly  extended  wharf -line  within  a  limited  extent  of 
water  front,  necessitated  the  adoption  of  the  present  system  of  narrow 
wharves  and  slips,  by  which  the  largest  available  Avharf-line  can  be  ob- 
tained with  the  shortest  water  frontage.  The  keys  or  moles  had  al- 
ready been  built  upon,  and  the  wharves  thrown  out  just  as  now.  The 
system  had  also  been  developed  along  the  Hudson  River  for  a  consider- 
able distance.  The  process  of  filling  out  into  the  two  rivers  had  also 
been  commenced  and  had  rapidly  progressed.  To  give  an  idea  of  the 
extent  to  which  this  has  been  carried  since  the  early  days  of  the  city,  it 
maybe  remarked  that  in  1687,  Water  Street,  on  the  East  River  had  not 
yet  been  built  ;  and  its  inner  line  coincided  with  tlie  low  water-mark  of 
that  date,  just  east  of  Whitehall  Street.  In  1739,  high  water-mark  on  the 
Hudson  River  was  9  feet  east  of  the  easterly  line  of  the  present  Green- 
wich Street  at  its  southerly  end. 

The  plan  of  construction  of  the  early  wharves,  where  hard  bottom 
could  be  reached  at  ordinary  depths,  consisted  in  alternate  cribs  of 
wood  filled  Avith  stone,  iind  liridge-WcTys  of  from  10  to  20  feet  sj)an. 
Where  holding  ground  for  piles  could  be  found,  undoubtedly  piles  were 
in  many  cases  used.  The  retaining  walls  or  "  bulk-heads  "  were  con- 
structed of  cribs,  as  now,  but  the  carpentry  was  of  the  rudest  kind. 

The  ordinances  of  1795  and  1796,  and  the  Legislative  Acts  of  1798, 
and  of  1813,  amending  the  same,  established  South  and  West  Streets  as 
the  exterior  limits  of  the  city  along  the  rivers,  giving  a  width  of  70  feet 
to  each  of  these  streets.  By  the  above  mentioned  Acts,  the  city  authori- 
ties were  empowered  to  alter  and  extend  along  the  shore  these  streets  as 
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they  deemed  Ijest,  so  :is  to  uecoinmodati'  tlieiii  to  the  sinuosities  of  the 
shore  lines  and  the  growth  of  the  city.  These  two  Acts  were  still  in  force 
in  1853.  By  them  authority  was  given  to  the  city  authorities  to  build 
wharves,  bulk-heads,  Arc,  and  to  alter  them  as  they  deemed  l)est. 
Numerous  supplementary  Acts  were  also  passed  regulating  the  lines  of 
the  aveniies  along  the  northern  portion  of  the  city. 

Under  the  Act  of  1855,  a  board  of  Harbor  Commissioners  was  ap- 
pointed by  the  then  (rovernor,  to  establish  the  Inilk-head  and  pier-head 
lines  of  all  the  shores  belonging  to  the  city.  The  lines  established  by 
them  are  known  as  the  Harbor  Commissioners  Lines  of  1857,  nnd  were 
the  legal  lines  until  those  of  the  Department  of  Docks  were  adopted  in 
1871. 

For  many  years  (indeed  from  the  earliest  dayj  the  management  of 
the  wharves  and  slips  belonged  to  the  bureau,  or  department  of  the 
city  government,  having  control  over  the  streets.  For  want  of  adequate 
appropriations  and  proper  care,  they  were  generally  in  a  delapidated  con- 
dition ;  unsafe,  unsightly  and  ill-defined.  Many  of  them  belonged  to 
private  parties,  grantees  of  the  corporation,  Avho  often  did  not  receive 
sufficient  revenne  from  wharfage  to  pay  for  rejjairs. 

In  1867,  under  the  Mayoralty  of  John  T.  Hoffman,  the  Commis- 
sioners of  the  Sinking  Fund  ai^pointed  a  Board  of  Examiners  to  esti- 
mate the  value  of  the  wharf  property  lielonging  the  city,  and  to  devise 
a  plan  for  its  improvent.  They  proposed  certain  repairs  and  extensions, 
and  reported  the  following  schedule  of  valuations  and  costs  : 

Present  value  of  wharves,  piers  and  slips  owned  by  the  city $15,793,500 

Cost  to  repair  the  same SI, 119, 185,        Value  when  repaired $18,707,400 

Cost  of  extending  as  proposed $791,550.        Value  when  extended §20,377.100 

This  estimate  covered  the  value  of  the  structures  themselves,  and  did 
not  include  the  value  of  the  lots  upon  which  they  stood.  The  present 
value  of  these  structures  will,  at  least,  reach  5^20,000,000. 

The  increasing  demands  of  the  shipping  interests  for  better  wharf 
accommodations,  and  increased  facilities  for  tran-shipment  of  freight, 
etc.,  at  last  caused  the  Legislature  of  1870  to  organize  a  Dei)artment  of 
Docks.  The  government  of  the  department  was  vested  in  five  commis- 
sioners. They  were  to  determine  upon  a  lalan  of  permanent  impi-ove- 
ment  of  the  water-front  ;  and  the  administration  of  all  the  wharf  ]i)rop- 
erty  belonging  to  the  city,  and  the  regulation  of  the  whole  water-front 
devolved  uj)on  them. 

This  was  the  first  successful  step  towards  tin;  adoption  of  a  jilau  of 
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permanent  improvement  of  the  water-lront.  The  Engineer-in-Chief 
appointed  l>y  this  Board  was  Gen.  George  B.  McClellan.  Tlie  following 
extracts  from  his  report  gives  the  conclusions  reached  by  him  after  a  very 
careful  study  of  the  question — "  Bearing  in  mind  the  relative  tonnage  of 
'  the  ports,  as  shown  in  this  statement,  also  the  extremely  moderate 
'  variations  of  the  tide  here,  as  well  as  the  fact  that  our  rivers  and  bays 
'  afford  excellent  and  sijacious  anchorage  grounds  and  a  natural  water- 
'  front  incomparably  superior  to  that  of  Liverpool  or  London,  it  is  evi- 
'  dent  that  there  is  no  necessity  for  our  resorting  to  the  English  system 
'  of  enclosed  docks  ;  it  is  safe  to  say  that,  without  reference  to  its  exces- 
'  sive  cost,  such  a  system  would  be  absolutely  pernicious  here.  From 
'  what  has  been  already  stated,  it  is  clear  that  the  arrangement  best 
'  suited  to  our  wants  is  a  continuous  permanent  river  wall,  so  located  as 
'  to  widen  the  river  street  very  considerably  ;  with  ample  piers  project- 
'  ing  from  it  at  sufficient  intervals,  and  so  covered  as  to  aflford  security 
'  against  the  weather,  fire  and  thieves,  wherever  necessary.  This  is  the 
'  simplest,  most  convenient,  and  by  far  the  most  economical  system  that 
'  can  be  suggested.  It  brings  into  play  all  the  extraordinary  natural  ad- 
'  vantages  of  the  port,  and  it  aftbrds  every  facility  for  the  cheap  and 
'  rapid  handling  of  vessels  and  their  cargoes." 

"In  l)rief  the  general  system  proposed  is: — First.  To  construct  a 
'  iDermanent  river  wall  of  heton  and  masonry,  or  masonry  alone,  so  far 
•  outside  of  the  existing  bulk-head  as  to  give  a  river-street  250  feet  wide 
'  along  the  North  River,  200  feet  wide  on  the  East  River  from  the  Battery 
'  to  Thirty-first  Street,  and  175  feet  wide  north  of  that  point.  Second. 
'  To  build  piers  projecting  from  the  river  wall  of  ample  dimensions, 
'  adequate  construction,  and  so  far  as  possible,  affording  an  nnob- 
'  structed  passage  for  the  water.  Third.  Whenever  it  is  necessary,  to 
'  cover  these  piers  with  substantial  sheds,  suitable  to  the  requirements 
'  of  each  case. 

"In  carrying  into  execution  the  i^roposed  improvements  along  the 
'  water-front  of  New  York,  it  is  obvious  that  they  should  be  extended 
'  only  as  the  requirements  of  the  commerce  demand..  The  commerce  of 
'  New  York  is  now  accommodated  by  the  following  extent  of  wharf  faci- 
'  lities,  viz — North  River  from  the  Battery  to  Sixty-first  Street,  a  bulk- 
'  head  with  an  aggregate  length  of  23,163  feet,  and  an  aggregate  length 
'  of  piers  of  31,229  feet,  with  a  pier  area  of  1,606,021  square  feet ;  East 
'  River  from  the  Battery  to  Fifty-first  Street,  26,494  feet  of  bulk-head, 
'and  an  aggregate  length  of  jiiers  of  19,139  feet,  with  a  pier  area  of 
'  716,644  square  feet.  Thus  the  bulk-head  and  piers  together  give  a 
'  wharf -line  of  150,393  feet,  or  28  A^  miles,  with  a  pier  area  of  2,322,66K 
'  square  feet.  By  wharf -line  is  meant  all  that  portion  of  the  river  wall 
'  and  piers  that  vessels  can  approach.  Considerable  portions  of  this 
'  wharf-line  are  practically  useless  from  insufficient  depth  of  water  and 
'  other  causes.     The  jiroposed  arrangement  of  the  water  front,  including 
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•  tlie  new  river  wall  uiul  u  fur  better  disposition  of  tlie  piers,  gives  on 
"  the  North  River  from  the  Battery  to  Sixty-first  Street,  a  river  wall  line 
"  of  27,743  feet  and  a  pier  length  of  37,529  feet,  with  a  pier  area  of 
"  3,325,600  square  feet;  and  on  the  East  River,  from  the  Battery  to  Fifty- 
"  first  Street,  a  river  wall  line  of  27,995  feet,  and  a  pier  length  of  about 
"  28,000  feet,  with  a  pier  area  of  about  1,780,000  square  feet. 

"  Thus,  in  the  proposed  system,  the  pier  and  river  wall  together  will 
"give  a  wharf -line  of  about  195,000  feet,  or  about  37  miles,  and  the  piers 
"  alone  mil  have  an  area  of  about  5,105,000  square  feet,  sufhcient,  it  is 
' '  safe  to  say,  to  accommodate  a  commerce  vastly  greater  than  that  which 
"now  finds  its  way  to  the  water-front  of  New  York.  It  would  thus  ap- 
"  pear  that,  for  a  very  long  time  time  to  come,  it  will  be  necessary  to 
"extend  the  new  system  over  a  portion  only  of  the  water-front  between 
"Forty-first  Street,  North  River  and  Fifty-first  Street,  East  River."* 

It  AviU  be  observed  that  the  general  system  adopted  in  1871  is  the 
same  which  the  necessities  of  the  past  had  already  established  as  the  proper 
one  for  New  York,  even  as  far  back  as  1782,  viz. :  a  system  of  narrow 
whaiwes  and  slips,  affording  the  longest  wharf  and  quay-line  for  the  short- 
est extent  of  water-frontage,  comljined  with  readiness  of  access.  This 
plan  was  adopted  by  the  new  board  of  the  Department  of  Docks  in  1873, 
upon  the  recommendation  of  Gen.  Charles  K.  Graham  their  Engineer- 
in-Chief,  and  the  operations  now  carried  on  by  the  department  are 
governed  by  it. 

There  can  be  little  doubt  among  engineers  who  have  studied  the 
question,  of  the  wisdom  of  adopting  this  general  plan.  In  regard 
to  the  details  there  will  probably  be  a  diversity  of  opinion ;  this, 
however,  is  likely  to  be  limited  to  the  question  of  wharf  construction, 


*  In  order  to  give  a  general  idea  of  the  importance  of  the  interests  most  nearly  concerned 
in  the  development  of  a  proper  wharf  system  in  New  Yorls,  the  following  extracts  have  been 
taken  from  the  last  report  of  the  Chamber  of  Commerce  (1872-73),  compiled  from  the  official 
reports  of  the  Secretary  of  the  Treasury,  and  the  Chief  of  the  Bureau  of  Statistics  on  Com- 
merce and  Navigation : 

At  the  Port  op  Niiw  Yoke. 


Year. 

FOEEIGN  ImFOBTB. 

Foreign  Exports. 

Domestic  Exports. 

1860 
1372 

$233,692,341 
418,515,829 

$17,.514,G89 
1.5,161,218 

$120,630,9.55 
270,413,674 

Total  annual  tonnage  of  Port  of  New  York  in  1872 : 

Engaged  in  foreign  Trade.  Engaged  in  coastwise  Trade. 

Entered 3,969,339  tons 1,754,810  tons. 

Cleared 3,748,516      "         2,331,293      " 
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for  there  can  be  little  (|uestiou  that  the  most  satisfactory  plau  of 
establishing  a  permanent  river  street  is  to  limit  it  by  a  wall  of  masonry.  No 
other  plan  is  sufficiently  dui'able,  nor  can  be  even  temporarily  satisfactory. 
Our  present  Avooden  bnlk-heads  are  constantly  sinking,  sliding  out,  and 
overturning  and  filling  up  the  river,  and  besides,  owing  to  their  situa- 
tion, the^>  rapidly  decay  and  are  unsightly.  They,  in  a  few  years,  cost 
the  city  more  than  a  masonry  wall.* 

The  Ri\rEK  Wall  recommended  by  Gen.  McClellan,  and  adopted 
by  the  i>resent  department,  is  composed  of  lieton,  blocks  weighing  from 
25  to  50  tons  each,  extending  from  the  foundation  to  Avithiu  al)Out  2  feet 
of  low  water-marli,  and  above  this  level  of  concrete  laid  in  mass,  faced 
with  ashlar  granite  }nasonry.  The  section  of  the  wall  is  shown  Figs.  5, 
9-10.  The  idea  of  using  large  beton  blocks  for  this  work  is  due,  I  lielieve, 
entirely  to  Gen.  McClellan,  and  the  late  o^jerations  of  the  department 
show  that  the  plan  is  an  exceedingly  expeditious  and  cheap  one. 

The  blocks  are  composed  of — ^by  volume — 1  part  of  Portland  cement, 
2  of  sand,  and  5  of  stone  (Bergen  trap),  broken  to  pass  through  a  2-inch 
ring.  These  proportions  have  lately  been  changed  to  1  part  of  cement, 
2^  of  sand,  and  G  of  broken  stone.  When  concrete  is  laid  loose  under 
water  these  proportions  are  changed  respectively  to  1,  2  and,  3  or  4  parts. 
The  resulting  weight  of  the  blocks  is  from  150  to  152  pounds  per  cubic 
foot.  The  crushing  strength,  as  determined  by  the  writer  in  1S72,  is 
after  8  months  from  944  to  1,(366  pounds  per  stpiare  inch,  and  after  6 
days  from  527  to  1,055  pounds  per  square  inch 

The  blocks  are  laid  by  means  of  a  floating  derrick  of  "Bishop's" 
■plan,  designed  by  Mr.  Isaac  Newton  of  this  city,  a  very  complete  and 
excellent  machine — sketched,  Fig.  11.  The  performance  of  the  derrick 
on  the  Cliristopher  Street  section,  this  year,  has  been  as  follows  : 

23  blocks  of  .50  tous,  weighing  1,400  tons. 
27       "  "  30      "  "  810      " 

54       "  "  25      "  "  1,350     " 

A  total  of ;3.5GO     •'      or  1,780  cubic  yards, 

laid  in  18  days,  in  14  feet  of  water.  The  total  time  occupied  in  loading, 
transporting,  and  laying  was  29  days.  The  maximum  performance 
was  14  blocks,  weighing  from  25  to  50  tons,  laid  in  one  day  of  10 
hours.     The  total  cost  of  loading,  transporting  and  laying  in  14  feet  of 


*  There  are  cases  of  comparatively  recently  constructed  bvilk-heads  within  the  limits  of  the 
city,  below  Fortieth  Street,  where  these  structures  have  slid  ont  nearly  15  feet. 
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water,  will  not  exceed  81.^)0  per  c-iibie  yard,  including  interest  on  cost  of 
derrick,  and  wear  and  tear.  The  cost  of  the  hlocks,  exclusive  of  rent  of 
Viirds,  is  about  812.50 — Avitli  cement  at  85  per  barrel,  the  material  alone 
costs  88.50  jier  cubic  yard.  It  does  not  cost  the  city,  considering  (ill  ex- 
penses, over  8l<)  per  culjic  yard  htid. 

The  wall  is  founded,  as  the  bottom  requires,  on  rip-rap,  or  piles — gen- 
erally the  latter.  In  laying  the  blocks  on  rip-rap,  tlie  foundation  is  first 
levelled  off  with  broken  stone,  and  over  this  about  one  foot,  of  concrete 
is  laid  and  levelled  by  divers  ;  a  sweep  resting  on  two  guide-lxjards,  laid 
on  the  extreme  edges  of  the  foundation,  being  used  for  the  latter  opera- 
tion. The  blocks  are  then  laid  by  means  of  the  derrick,  a  light  frame  of 
wood  supporting  two  vertical  guide-rods  being  placed  on  the  top  sur- 
face as  the  block  sinks  ;  the  alignment  is  made  altogether  by  means  of 
these  rods,  which  project  above  the  water.  Figs.  12-16.  The  blocks 
are  then  loaded  with  about  twice  the  weight  \h.e\  are  to  bear,  for  some 
months  before  the  superstructure  is  added. 

The  pile  foundation  is  cut  level  with  a  circular  saw  as  usual,  and  the 
piles  are  then  packed  round  with  broken  stone  and  concrete.  In  this  ease 
the  blocks  are  not  weighted. 

A  section  of  about  900  feet  of  this  wall  is  now  in  i^rocess  of  construc- 
tion between  Christopher  Street  and  West  Eleventh  Street,  in  conjunc- 
tion ^\'ith  the  corresponding  piers  (which  are  of  wood),  built  for  the 
"  White  Star  Line"  of  steamships  ;  another  section  of  it  was  completed 
at  the  foot  of  Battery  Place  last  year.  It  may  be  remarked  that  on  the 
section  built  there,  the  blocks  were  forced  down  by  the  weights  nearly 
one  foot,  sinking,  however,  very  evenly.  In  this  case  the  bank  of  rip- 
rap was  about  30  feet  in  height,  and  carefully  put  in  with  large  and  small 
stones  ;  the  Ijottom  had  i^reviously  been  dredged  down  to  rock  and  firm 
sand  or  gravel.* 

Whakves. — The  question  of  wharf  construction  is  in  a  great  measure 
<listinct  from  that  of  the  building  of  the  river  streets.  These  streets  are 
built  for  the  use  of  the  whole  community  ;  the  wharves  are  built  for  a 
special  interest^ — the  shipping  interest.  The  cost  of  building  the  river 
streets  therefore  should  evidently  be  borne  by  the  whole  community, 
/.  e. ,  the  city  should  pay  for  their  construction  and  maintenance  ;  while 


*  The  writer  has  always  conteuclecl  that  the  central  portions  of  au  embankment  of  rip-rap, 
upon  which  masonry  is  to  be  erected,  should  be  well  rammed  by  a  heavy  weight,  which  can 
be  operated  witli  au  ordinary  pile-driver.     At  the  Battery  this  was  partially  done  :  no  notice- 
able settlement  has  taken  ijlace  in  this  section. 
11 
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ou  the  other  hiinil,  the  shii)])infi,"  interest  shouLl  l)e  required  to  pay  for 
the  coustrnction  and  support  of  the' wharves  of  the  city  which  are  built 
for  its  special  accommodation,  and  a  moderate  rent  for  use  of  the  water- 
front, which  should  be  applied  to  the  extension  of  the  wharf  system. 
But  it  could  not  be  a  sound  or  just  policy  to  exact  from  the  shipping- 
interest  more  revenue  than  is  required  to  pay  for  and  support  the  special 
facilities  afforded  it.  To  do  so,  would  be  to  introduce  a  system  of  un- 
equal taxation,  discriminating  between  portions  of  the  same  community ; 
since  the  merchants  pay  also  their  share  of  general  taxes,  and  the  wel- 
fare of  commerce — other  things  being  equal — is  also  the  welfare  of  all. 

The  problem  then,  presented  for  solution  would  appear  to  be  :  of 
the  various  systems  of  wharf  construction  affording  equal  facilities  for 
the  transhipment  of  freight,  which  will  be  most  economical  for  com- 
merce ; — cheap  wharves  of  short  durability,  reqviiring  very  frequent 
rebuilding;  or  more  expensive  ones  of  greater  durability;  and  shall  they 
be  of  wood,  iron  or  stone? 

The  question  can  be  more  concisely  stated  thus  :  Given,  the  cost  and 
lives  of  various  wharves,  all  satisfying  the  engineering  requirements  of 
strength  and  stability  and  affording  the  same  facilities,  to  determine 
which  of  these  involves  the  least  annual  outlay  for  its  maintenance.  The 
problem  can  be  solved  by  comparing  the  rentals  which  must  be  exacted 
from  the  various  tyjies  of  wharves  to  make  them  self-sustaining.  The 
elements  of  rental  are  :  1st.  Simple  interest.  '2d.  Accumulating  fund 
to  pay  off  bonds  issued  to  jjay  for  construction.  3d.  Accumulating 
fund  to  rebuild  at  the  end  of  the  life  of  the  wharf.  Ith.  Accumulating 
fund  to  re-plauk  and  repair.  5th.  Accumulating  fund  to  pay  for  loss  of 
rent  at  each  re-building.  6th.  Cost  of  administration  (the  same  in  all 
types,  and  not  iuchided  in  the  comparison).  7th.  Rent  of  water-lots 
(the  same  in  all  tyjjes,  and  not  included  in  the  comparison). 

Appendix  II*  gives  estimates  carefully  made  by  the  writer,  of  cost 
and  lives  for  the  principal  types  of  wharf  construction.  The  costs  of  the 
woollen  and  stone  structures  have  been  tested  by  actual  practice  in  the 
city.  The  standard  dimensions  in  the  comparison  wiU  be  taken  : 
length  500  feet,  width  60  feet,  and  depth  to  firm  bottom  below  dock 
from  50  to  60  feet.     Considering  them  in  order,  we  shall  find  the  rent  : 


*DirQeiisions  of  wharf,  500  by  liO  feet=30,000  square  feet  of  deck.  Safe  load=610  pounds  per 
square  foot  of  deck.  Factors  of  safety — for  wood — 10  for  beams,  5  for  piles — for  iron,  5  to  6. 
Depth  of  water  at  low  tide,  about  23  feet.  Kise  of  tide  about  4.63  feet.  Bottom — mud  aud 
clay,  overlying  sand  and  rock.  Assumed  depth  from  deck  to  hard  bottom,  50  to  60  feet.  In 
each  case  the  cheapest  practicable  span  is  taken. 
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No.  1.— Natural  Wood— Cost,  $43,000: 

1st.  Simple  interest $3,010  09 

2d.  Sinking  fund  to  pay  bonds  (30  years) 456  00 

3d.  Accumulating  fiiud  to  rebuild  (15  years) 1.711  80 

Itli.  Accumulating  fund  to  re-plauk,  &c.  (5  years) 870  00 

5th.  Accumulating  fund  for  loss  of  rent  at  each  rebuilding  ($2,500  every  13 

years) 100  00 

$6,147  00 

No.  2.— Treated  Wood— Cost,  $60,000: 

1st.  Simple  interest $4,200  00 

2d.  Sinking  fund  to  pay  bonds  (30  years) 6:36  00 

3d.  Accumulating  fund  to  rebuild  (35  years) 432  00 

4th.  Accumulating  fund  to  re-plank,  iVc 471  00 

5th.  Accumulating  fund  for  loss  of  rent  at  each  rebuilding  ($2,500  every  35 

years) 18  00 

$5,757  00 

No.  3. -Natural  Wood— Cost,  $87,000.     (Best  possible  construction): 

1st.  Simple  interest $0,090  CO 

2d.  Sinking  fund  to  pay  bonds  (30  years) 922  00 

3d.  Accumulating  fund  to  rebuild  (15  years) 3,463  00 

4th.  Accumulating  fund  to  re-plank,  &c 870  00 

5th.  Accumulating  fund  for  loss  of  rent  at  each  rebuilding  ($2,500  every  15 

years) 100  00 

$11,445  00 

No.  4. — Treated  Wood — Cost,  $106,000.     (Very  best  possible  construction): 

1st.  Simple  interest $7,420  00 

2d.  Sinking  fund  to  pay  bonds  (:30  years) 1,124  00 

3d.  Accumulating  fund  to  rebuild  (35  years) 703  00 

4th.  Accumulating  fund  to  re-plank,  &c 471  00 

5th.  Accumulating  fund  for  loss  of  rent  at  each  rebuilding   ($2,500  every  35 

years) 18  00 

$9,796  00 

No.  5.— Iron  Screw  Piles— Cost,   8187,000: 

1st.  Simple  interest $13,090  00 

2d.  Sinking  fund  to  pay  bonds  (30  years) 1,98'^  00 

3d.  Accumulating  fund  to  rebuild  (.50  years) 467  00 

4th.  Accumulating  fund  to  re-i3lank  and  paint 1,471  (U 

5th.  Accumulating  fund  for  loss  of  rent  ($5,000  every  50  years) 13  00 

$17,023  I. It 
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No.  6.— Cast-iroQ  Columus  filled  with  CouciNjte— Cost,  $;367,000: 

1st.  Simple  interest $25,600  60 

2(1.  Sinking  fund  to  pay  bonds  (30  years) 3,890  00 

3d.  Accumulating  fund  to  rebuild  (50  years) 917  00 

4th.  Accumulating  fund  to  re-plank  and  paint 1,471  00 

5th.  Accumulating  fund  for  loss  of  rent  (50  years) 18  00 

$31,986  00 

No.  7.— Masonry,  Concrete  and  Gi-anite— Cost,  $-t.")n.000: 

1st.  Simple  interest $31,500  00 

2d.  Sinking  fund  to  pay  bonds  (30  years) 5,220  00 

3d.  Accumulating  fund  for  repairing,  &c.  (15  years) 650  00 

$37,370  00 

In  tlie  al)ove  comparison,  it  appears  that  in  a  very  large  ratio,  tlie 
wooden  structures  are  more  economical  than  tlie  otliers.  No.  1  is  tlie 
cheapest  structure  that  will  satisfy  engineering  requirements,  and  No. 
i  is  the  best  possible  wooden  structure.  It  also  appears  that  if  the 
wood  could  be  artificially  i^reserved  at  the  cost  of  the  estimates  (about  25 
cents  per  cubic  foot),  so  as  to  last  35  j^ears,  the  structure  would  prove 
cheaiier  than  those  constructed  of  natural  wood.  The  type  of  structure 
therefore  which  Avill  prove  most  economical  and  satisfactory,  is  that 
lying  between  No.  2  and  i.  The  inner  portion  might  be  made  of 
the  type  of  No.  2,  and  the  outer  portion  or  pier-head  made  of  the 
type  of  No.  4.  The  comparison  will  continually  groAV  less  favorable 
to  the  wooden  structures,  as  labor  and  interest  rates  grow  cheaper  and 
Avood  becomes  more  costly. 

Lives  of  Whabves. — It  Avill  be  observed  that  a  very  imi^ortant 
element  in  the  above  comparisons,  is  the  life  of  the  structure.  In  regard 
to  the  life  of  natural  wood  unprotected,  it  Avill  be  admitted  that  from  10 
to  15  years  is  all  that  can  be  counted  upon,  even  Avith  the  best  of  timber 
— iisect  as  it  is  in  ifltarres.  A  })ersonal  inspection  of  the  wharves  of  the 
city  and  records  of  otlier  similar  Avorks  has  established  this  ;  and  15 
years  has  been  taken  as  the  life  beyond  Avhich  a  AA^iarf  built  of  unjjro- 
tected  natural  Avood  Avill  not  In'  Avorth  repairing.  The  data  set  forth  in 
the  rei^ort  of  Gen.  Cram,  U.  S.  Engineers,  to  the  government,  on  the 
' •  PreserA'ation  of  Wood,"  and  other  similar  reports,  proA-e  that  Avood  can 
lie  artifically  preserved,  so  that  its  life  Avill  be  extended  beyond  30  years, 
even  perhaps  to  4(1  y^ars.  In  fact  the  life  of  the  timbers  in  AvharA^es 
it'  merely  oiled  or  pain'cd  annually,  after  they  have  become  seasoned 


183 

-and  (Irv  (luring  the  heat  of  summer,  taking  care  to  seal  all  joints  Avith 
pitch — can  certainh'  be  doubled.  Indeed  there  is  no  reason  why  with 
proper  care  these  timbers,  excepting  the  decJi,  should  not  last  as  long 
as  those  of  houses.  It  would  perhaps  be  best  that  the  bottom  faces  be 
left  uncoated  for  several  years,  so  as  to  leave  free  egress  for  the  moisture 
and  sap. 

The  life  of  a  wooden  Avharf  will,  however,  depend  mainly  upon  that 
of  the  sub-structure,  the  piles  or  columns.  Creosotiug,  if  well  done, 
will  etfectually  preserve  them  against  the  worms  for  perhaps  30  years. 
A  process  which  promises  success,  is  to  construct  the  columns  or  piles 
of  4  square  timlters,  each  10  by  10  inches,  or  12  b^^  12  inches  in  section, 
liolted  and  trenailed  together,  and  to  protect  them  above  the  mud-line 
with  a  clay  pipe  filled  in  with  concrete  ;  the  outer  columns  could  be 
protected  by  iron  casings  ;  a  casing  of  cast-iron  similarly  filled,  also 
furnishes  an  excellent  and  sure  protection.  The  sea-worms  (Tex-edo 
Navalis),  never  eat  below  the  mud-line  ;  nor  are  their  ravages  severe 
when  the  water  is  dirty  or  impregnated  "with  the  refuse  of  gas-houses 
and  sewers.  From  a  careful  examination  of  this  question  by  the  writer, 
it  appears  that  the  life  of  an  unprotected  oak,  pine  or  spruce  pile  along 
the  shores  of  New  York  Island,  is  from  8  to  10  years,  at  points  where 
the  icatcr  is  dcaii,  and  at  least  15  years  along  the  greater  j^ortion  of  the 
shores,  and  out  from  100  to  200  feet  into  the  stream.  The  ravages  of 
the  worms  of  late  years  have  been  greatly  diminished  by  the  sewerage 
and  refuse  of  gas-houses  flowing  idong  the  shores.  There  are  cases 
where  the  piles  have  been  standing  along  the  shore  for  20  to  30  years, 
and  remain  comparatively  free  from  the  worms. 

Submerged  bolts  and  other  wrought-iron  parts  are  generally  badly 
corroded  in  less  than  20  years  ;  the  corrosion  taking  place  in  lines 
parallel  with  the  fibres.  Certain  kinds  of  cast-iron  could,  perhaps,  be 
made  to  last  50  years  ;  but  already  authentic  rumors  are  afloat  that  our 
cast-iron  light-houses  are  materially  injured  l)y  corrosion  ;  50  years  is  a 
generous  allowance  and  jjrobably  greatly  exceeds  the  average  life  of  cast- 
iron  in  salt-water.  It  is  very  doubtful  whether  any  type  of  iron  wharf 
will  pay  by  its  increased  durability,  for  its  greatly  increased  cost  over 
that  of  a  wooden  structure.  It  must  likewise  be  remarked  that  a 
wooden  wharf  afiords  the  same  facilities  as  an  iron  one,  and  is  much 
easier  for  vessels. 

In  the  opinion  of  the  writer,  it  may  be  confidently  asserted  that  the 
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tim(^  for  Imildiiig  iron  or  stone  wliarves  in  this  city  has  not  yet  arrived. 
Snch  wharves  should,  if  built  at  all.  be  introduced  very  gradually,  and 
only  by  means  of  surplus  funds.  The  time  may  come  when  capital  and 
labor  will  be  clieap  enough  to  make  it  a  good  investment  to  build  iron  or 
stone  wharves  in  this  city,  but  it  is  far  distant. 

The  Department  of  Docks  is  now  l)uildiug  four  large  Avharves  of 
wood,  on  the  Christopher  Street  section,  of  an  improved '  (quality,  and 
has  nearly  completed  all  of  them.  Another  is  being  built  at  Canal 
Street,  North  River.  In  these  structures  the  Department  has  not  found 
it  pos.sible  to  allow  the  Engineers  to  introduce  any  artificial  preservatives 
except  external  coatings  of  fish-oil  and  paint,  but  in  the  general  char- 
acter and  strength  of  the  wood-work  and  fastenings,  every  care  has  been 
taken  to  make  them  complete  and  of  the  very  best  quality.  The  pier- 
heads are  the  only  novel  features  of  these  piers  ;  they  are  constructed  of 
built  up  columns,  20  by  20  inches  in  section  and  75  feet  in  length,  placed 
in  rows  12^  feet  apart  and  9i  feet  ajjart  in  the  rows.  The  rows  are 
sheathed  from  low-water  up  to  the  girders  on  both  sides,  with  5-inch 
plaiddng.  the  ends  of  which  are  protected  with  boiler  jilates.  The  heads 
of  the  columns  are  securely  framed  into  the  caps  and  girders.  The  piles 
used  in  the  pier,  some  of  Avhich  are  95  feet  long,  are  driven  in  rows  8  feet 
apart,  5  feet  apart  in  the  row,  and  securely  braced.  The  square  timber 
is  12  by  12  inches  in  section.  The  columns  are  likewise  braced  witli 
lA-inch  rods,  extending  from  the  bottom  to  low-water. 

Much  has  been  said  against  wooden  wharves  on  account  of  their 
liabilty  to  take  fire.  The  same  argument  could  he  urged  against  our 
wooden  shipping.  It  must  also  be  observed  that  a  wharf  is  so  jjlaced 
that  there  is  little  chance  of  a  fire  spreading  to  adjacent  buildings  ;  the 
flames  being  low  on  the  water,  would,  to  catch,  have  to  leajj  over  a  water- 
sjiace  of  150  to  200  feet,  or  over  a  wide  river  street.  The  records  do 
not  show  that  the  city  has  lost  many  wharves  from  fire. 

Rentals. — This  subject,  extensive  in  itself,  can  be  only  briefi}- touched 
upon  in  this  paper.  A  rental  could  be  justly  exacted  from  parties 
making  special  use  of  a  liortion  of  the  quay  or  bulkhead,  for  such 
employment  rolis  the  general  public  of  a  right  to  its  fi-ee  and  unob- 
structed use.  This  rental  should  not,  howevei',  be  based  upon  the  cost 
of  the  river  street  and  wall,  but  for  the  reasons  before  stated,  should  be 
at  the  same  rate  as  is  charged  for  an  equal  extent  of  wharf-line.  A 
moderate  erround-rent  might  also  be  charged  for  wharves,  for  the  use  of 
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the  water  lots  covered  by  them,  and  this  should,  if  exacted,   be  applied 
to  the  further  improvement  of  the  Avater-front. 

"When  Avharves  are  not  leased,  the  established  wharfage  charges 
should  be  based  upon  the  amount  of  the  rental  which  should  be  exacted 
if  leased,  cousi<lering  the  wharf  to  be  fully  occupied  during  the  year. 
The  foUoAving  exhibits  the  revenues  receiA*ed  for  several  years  from  Avharf 
property  belonging  to  the  city  : 


YEARS. 

BEVEN0ES. 

TEARS. 

REVENUES. 

TEARS. 
1871. 

1872. 
1873.* 

BEVEKUES. 

18G5. 
1SC6. 
1867. 

§272,415  61 
219,652  37 
316,983  84 

1868. 
1869. 
1870. 

$344,441  52 
341,563  41 
358,347  33 

$402,119  03 
423,545  25 
460,000  00 

Titles  to  Pkopekty  along  the  Watek-Fkont. — There  are  many 
difficult  questions  involved  in  the  acquisition  of  the  proijerty  along 
the  water-front,  claimed  by  private  jiarties.  There  are  large  extents 
of  such  property  in  the  loAver  portions  of  the  city,  intersj^ersed 
Avith  the  lots  to  Avhich  the  city  has  an  undoubted  title.  By  the  Don- 
gan  Charter  (1686),  and  the  Montgomerie  Charter  (1730),  and  scA-eral 
subsequent  LegislatiA'e  Acts,  all  the  land  from  high-AA^ater  to  loAv-Avater 
mark,  and  the  land  under  water  to  a  distance  of  400  feet  beyond  low- 
water  mark  along  the  whole  extent  of  the  shores  of  the  East  and  North 
Rivers,  also  the  land  to  low-Avater  mark  along  the  Harlem  RiA'er  and  as 
far  beyond  as  the  streets  extended,  and  jurisdiction  to  low-Avater  mark 
on  its  Westchester  shore  (also  certain  jjortions  of  the  shores  of  Long 
Island  and  New  Jersey),  became  the  property  of  the  city  with  authority 
to  extend  piers  from  these  exterior  limits  into  the  rivers.  Anf)ther  grant 
was  made  of  submerged  lands  along  the  Hudson  River  of  id^out  1,000 
feet  in  width,  and  of  varying  extent  along  the  East  and  Harlem  Rivers, 
by  the  Land  Commission  in  1871,  in  accordance  Avitli  the  proAasions  of 
the  Act  of  1870  Avhich  established  the  Dei^artmeut  of  Docks.  Any  titles 
Avhich  interfere  AA-ith  those  of  the  city  are  based  upon  grants  by  the  Cor- 
poration. A  pre-emptive  jiriAdlege — the  first  priAdlege  of  acquisition  only 
— is  reserved  to  the  owners  of  the  adjacent  lands  or  lots  along  the  upper 
portions  of  the  shores  ;  that  is,  north  of  Corlear's  Hook  and  Charlton 
Street.  Unless  then,  some  grant  from  the  city  interferes  in  sjaecial 
terms,  it  may  well  be  doubted  whether  the  city  has  lujt  a  full  title  to  all 
the  shore  lands  beyond  high-water  mark. 

^Estimated. 
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CoN(!LusiONS. — The  plan  of  cousti-netiou  then,  which  seems  to  com- 
mend itself  as  the  proper  one  for  the  improvement  of  the  water-front  of 
New  York,  is:  to  constrnct  a  qnay  wall  along-  the  river  street  of  hetou. 
and  granite  masonry,  increasing  the  width  of  tlu^  street  considerably, 
and  from  this  wall  to  throw  out  piers  of  the  very  best  quality  of  wood- 
work, preserved  against  decay  by  all  possible  means. 

Once  estabhsh  a  liroad  river  street,  and  good  piers  liuilt  and  taken 
care  of  according  to  a  well-established  plan,  and  it  Avill  shortly  follow 
that  all  known  means  of  facilitating  the  handling  and  transjiortation  of 
freight  will  be  introduced  by  the  interested  parties. 

The  first  duty  of  the  city  is  to  establish  a  good  and  permanent  high- 
way of  adequate  width  around  the  water-front  ;  all  other  improvements 
will  follow  rapidly,  and,  indeed,  could  safely  be  left  under  certain  gene- 
ral restrictions  to  the  parties  directly  interested  in  them. 

It  is  by  no  means  ce]'tain  that  it  would  not  be  sound  policy  for  the 
city  to  sell  all  its  new  wharves  as  fast  as  they  are  built,  of  course  reserving 
a  certain  special  jurisdiction  over  them.  In  this  way,  the  capital  ex- 
pended ujjon  them  w^ould  be  immediately  returned  with  large  increase. 
If  there  ever  was  a  time  favorable  to  such  a  policy,  it  is  now,  when  the 
city  is  plunged  so  deeply  in  debt. 

These  public  works  should  go  slowly  on,  say  at  the  rate  of  half  a  mile 
per  annum.  If  in  ten  years  the  wall  could  lie  completed  from  Grand 
Street  on  the  East  River,  to  West  Eleventh  Street  on  the  North  River, 
its  progress  would  be  all  that  could  be  desired.  The  city  would  then 
possess  the  finest  dock  facilities  in  the  world. 

Me.  Ashbed  Welch  :  Historical  notes  were  mentioned  in  this  paper; 
one  fact,  however,  was  not  referred  to — the  original  location  of  the  com- 
mercial metropolis  of  America  was  either  Amboy  or  Communipaw.  A 
well  kno"\\'n  historian  states  that  the  latter  was  first  selected  as  the  site, 
because  tlie  ground  was  soft  and  it  was  a  good  place  to  drive  piles.* 
Now,  although  Diedrich  Knickerbocker  may  have  been  wrong  in  his 
reason,  he  was  correct  in  his  fact.  The  right  place  for  the  wharves  of 
New  York  is  on  the  west  or  New  Jersey  side  of  the  Hudson  river,  where 
the  railroads  end. 

On  the  average,  it  costs  .1?2  per  ton  to  take  goods  from  the  railroads  at 
Jersey  City  across  the  river  to  the  warehouses,  pay  the  storage  and 
then  .ship  them,  nearly  all  of  which  is  an  unnecessary  expense.     This 


*  See  '■  History  of  New  York,"  by  Diedrich  Knickerbocker. 
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iudiiced  me  to  recommend  tlie  purcliase  of  Harsimus  Cove — 70  acres  of 
good  deep  mud — at  a  cost  of  $1,000,000,  where  wharves  are  now  bemg 
constrneted,  not  for  Xew  York  alone  but  for  America,  to  Avhieh  goods 
may  be  brought  from  the  West,  i;nloaded  into  warehouses  adjoining  the 
tracks,  stored  as  long  as  desired  and  then  put  on  shipboard,  all  with- 
out carting  or  handling.  In  a  short  time  the  Pennsylvania  R.R.  Co. 
alone,  mil  deliver  at  Jersey  City  1,000,000  tons  of  freight  per  year, 
Avhence,  by  the  proposed  improvements  nearly  $2, 000, 000  vnR  be  saved, 
a  considerable  item  in  these  hard  times.  I  am  now  designing  a  grain 
elevator  at  that  point,  capable  of  handling  100,000,000  of  bushels  ]5er 
week  and  with  a  storage  capacity  of  4,000,000  bushels.  At  present,  grain 
from  the  cars  is  loaded  into  lighters,  taken  to  Brooklyn,  stored  and 
then  returned  in  the  same  way  for  shipment  on  the  European  steamers, 
all  at  an  extra  cost  of  no  less  than  •'51.50  per  ton  which  is  to  be  saved. 

There  is  another  and  important  thing  to  be  gained  by  locating  the 
docks  and  warehouses  on  the  New  Jersey  side  of  the  river,  which  I  will 
illustrate.  Some  years  ago  I  was  sitting  with  the  head  of  a  leading  iron 
house  in  London,  in  his  counting-room.  A  clerk  came  in  and  showed 
him  a  warehouse  receipt  and  inspector's  certificate  ;  he  nodded  his  head. 
Presently  another  clerk  handed  him  a  check,  which  he  signed  ;  then  a 
third  clerk  whispered  something  t(  >  him,  he  again  nodded  his  head.  The 
clerk  went  to  n,  shii^broker's,  and  returning  made  a  report.  The  whole 
had  not  taken  ten  minutes.  In  explanation,  the  principal  said:  "New 
York  is  a  village — you  cannot  do  business  there — I  was  once  a  whole 
morning  engaging  a  ship  for  a  cargo  of  rails,  which  we  imported,  and 
two  or  three  days  getting  at  and  inspecting  them.  In  the  brief  time 
you  have  noted,  I  have  purchased  a  cargo  of  rails  from  Germany,  paid 
for  them  and  chartered  a  ship  to  take  them  to  NcAvYork."  This,  for 
for  lack  of  a  ^\arehouse  system,  woiild  have  taken  at  least  a  day  at  this 
pr>rt. 

Now,  at  Communipaw  of  which  so  much  fun  has  been  made  or  at  Har- 
simus Cove  or  Hoboken,  there  should  be  warehouses  for  goods  and 
a  method  of  inspection  such,  that  the  consignee  or  owner,  could  make 
sales  as  in  London  upon  the  warehouse  receipts  without  the  buyer 
ever  seeing  the  wares — the  same  as  the  Dutch  grain  merchant  may  never 
have  looked  upon  a  field  of  wheat.  This  is  the  true  system,  it  may  be 
estabhshed  in  New  York,  but  this  island  is  not  large  enough  for  the  pur- 
pose.    The  lower  part  of  the  city  is  the  counting-house  of  the  continent. 
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ami.  there  is  not  voom  ioy  wharfuge,  storage  and  tlie  like.  But  if  there 
Avas,  the  clifHculty  remains  that  the  dock  and  Avarehouse  miist  be  separ- 
ated at  least  by  a  street  250  wide,  thus  for  transhipment  necessitating 
handling  and  cartage  twice  over,  which  on  the  other  side  of  the  river  will 
be  avoided. 

Me.  J.  DiTTTON  Steele — Although  I  am  a  Pennsylvanian,  I  cannot 
see  that  the  whole  trade  of  the  great  West  must  pass  through  my  own 
State  or  New  Jersey.  An  enlarged  view  of  the  United  States  and  its 
commercial  channels,  will  show  that  the  principal  aveniie  of  transporta- 
tion is  on  the  parallel  of  the  Erie  canal — whence  for  example,  the 
Hoosae  Tunnel  was  l)uilt  to  divert  trade  towards  Boston.  Much  of  this 
trade  seeking  New  York  will  come  down  on  the  east  side  of  the  Hudson 
and  to  receive  it,  wharfs  and  warehouses  will  still  l^e  required  in  this  citj. 

Mk.  Feancis  CoLiLiNCiwooD — From  extensive  oliservations  during  the 
past  winter,  I  am  able  to  confirm  what  Mr.  Welch  has  said  of  the  cost 
of  transhipping  freight  at  this  port.  The  expense  of  hanilling  freight  at 
the  depots  here  frequently  reaches  -SI  per  ton,  and  to  move  it  across  the 
river,  as  much  more. 

I  wish  to  inquire  why  American  cement  is  not  used  in  constructing 
the  docks  ;  would  it  not  stand  the  water  ? 

Me.  Van  Bueen — I  have  tested  several  kinds  of  American  cements 
without  satisfactory  results.  In  the  blocks  it  might  stand,  but  it  would 
not  when  laid  loose,  which  in  many  cases  is  required  in  the  foundations. 
Trials,  however,  with  American  cements  are  still  being  made. 


■^  ••» » 


appkndix  1. 

Peincip.al  Facts  eelating  to  the  Tides  of  New  Yokk  Haeboe,  takex 
FEOM  THE  Map  of  the  U.  H.  Coast  Suevey,   1845. 

Establishment  of  harbor  at  Governor's  Island 8  hours  19  min . 

Height  of  mean  low-water  above  plane  of  reference 0  it.  10..S  in. 

Height  of  mean  high- water  above  plane  of  relereuce 5  ft.    7      in . 

Mean  rise  and  fall  of  tides 4  ft.    8  Tin. 

Mean  rise  and  fall  of  sx)ring  tides 5  It.    8      in 

Mean  rise  and  fall  of  neap  tides 3  ft.    8.7  in 


Hudson  Eiver,  West  16th  street. 
East  Eiver,  Corlear's  Hook 


Cross  Sectional  Ai-eas, 
referred  to  low-water. 


Currents, 
Knots  per  hour. 


15,528  sq.  yds. 
6,57i  sq.  yds. 


1.5i-tebb,  1.3  at  flood. 
4  at  ebb,  5  at  flood. 
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Nos.  1  and  2.  -Ordinary  wooden  pile  wharf.  Piles  in 
rows,  10  feet  apart  and  1(1  in  each  row;  capped  and 
braced.  Girders  12x14  inches,  3  to  4  feet  apart. 
Sawed  timber.     Deck  5-inch  plank. 

No.  3. — Wooden  wharf  supported  by  columns  formed  of 
4  squared  timbers  12x12  inches  in  section,  bolted 
together,  placed  iu  rows  25  feet  apart  and  0  in  each 
row,  braced  with  5-inch  solid  oak  planking,  in  hori- 
zontal cotirses  above  low-water;  and  at  pier  head 
also  with  iron  rods  below  water.  Girders  continu- 
ous in  11  rows;  solid  beams  3(1  inches  det^p,  formed 
of  3  timbers  each,  bolted  and  strapped  together. 
Deck  5-inch  plnnk. 

No.  4. — Wharf  suj^ported  by  cast-iron  screw  jMles,  15 
inches  in  diameter,  one  inch  thick,  and  50  feet  in 
length,  placed  in  rows  15}^  feet  apart,  and  (i  in  each 
row — 192  piles.  Girders,  rolled  iron  beams  ;  with 
5-iuch  plank  deck,  paved  with  creosoted  wooden 
pavement  on  top  of  plank. 

No.  5. — Wharf  supported  by  piers  formed  of  concrete 
blocks,  faced  with  granite  above  the  ice  line.  Gir- 
ders of  plate  iron  4  feet  deep  and  49.(1  feet  span. 
3-iuch  jilank  with  creosoted  wooden  pavement. 

No.  0. — Wharf  supported  by  cast-iron  columns  filled 
with  concrete,  sunk  by  pneumatic  method,  placed 
in  rows  41 ',.  feet  apart  and  3  in  each  row.  Diameter 
of  column  0  feet;  length  of  column  50  feet;  thick- 
ness of  metal  1',,  inches.  Girders  of  plate-iron; 
5-lnch  plank  deck  and  creosoted  wooden  pave- 
ment. 

No.  7.— Wharf  of  stone  arches,  and  concrete,  paved  with 
wood  or  stone. 
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XCAII. 


THE  UTICA  LIFT  DRAW-BRIDGE. 

A  Paper  bj  Squire  Whipple,  C.  E.,  Honorary  Member  of  the 

Society. 

Read  Jtne  10,  1S74. 


Ill  1871,  the  Legislature  of  New  York  passed  an  act  autliorizing  the 
constriic'tioii  of  a  swiug-briilge  over  the  Erie  Canal  on  Hotel  street  in 
Utica,  for  the  purjjose  of  enabling  heaA^  loads  to  cross  the  canal  without 
encountering  the  steep  grades  by  which  the  stationary  bridges  of  the 
city  are  necessarily  approached.  But  the  canal  being  only  59  feet  wide  at 
that  i^oint,  a  j^ier  in  the  centre  was  inadmissible,  while  a  bridge  mounted 
on  a  pier  upon  the  shore,  would  be  so  long,  and  occupy  so  much  room 
when  ojien,  that  it  could  not  be  constructed  and  used  without  the  abate- 
ment of  one  or  more  valuable  lousiness  stands.  This  would  have  in- 
volved an  amount  of  expense,  which  neither  the  state  authorities,  nor 
the  citizens  to  l)e  benefited  by  the  bridge,  were  willing  to  incur. 

In  this  condition  of  the  case,  the  writer  was  consulted  as  to  the  prac- 
ticability of  devising  a  plan  of  draw-ln-idge  Avhich  could  be  operated 
by  lifting  up  instead  of  swinging  horizontally,  whereby  the  anticipated 
benefits  could  lie  enjoyed  without  incurring  so  much  expense,  and  oc- 
cu})ying  so  much  valuable  space.  The  idea  at  once  struck  me  as  highly 
feasible,  and  the  siiggestion  was  ansv\-ered  accordingly. 

In  pursuance  thereAvith,  the i^lan  of  a  "lift draw-bridge"  Avas  arranged, 
for  Avhich  letters  patent  Avere  issued  about  Iavo  years  ago.  The  plan 
being  thought  favorably  of  by  parties  concerned,  an  appropriation  was 
made  in  1873  for  the  construction  of  such  a  bridge  at  the  locality  above 
named,  and  a  contract  entered  into  therefor.  The  bridge  was  erected 
during  the  last  Avinter,  it  was  put  in  operation  on  the  opening  of  naviga- 
tion for  the  present  season,  and  is  noAv  Avoi'king  in  a  successful  and 
satisfactory  manner. 


191 

The  plan  aiKl  princii)les  of  the  structure  may  be  briefly  described  as 
follows  : 

The  work  consists  of  a  stationary'  truss-ltridge  spanning  both  the 
water-way  and  to^\iug•-path,  supported  by  4  corner  piers  and  towers, 
snfficiently  high  for  the  suspension  of  a  nioval)le  floor  or  platform  under 
the  lower  truss-chords  and  to  permit  the  passage  of  canaPboats  under- 
neath the  platform — together  ^-ith  other  parts  about  to  be  named  and 
described. 

The  movable  platform,  extending  from  the  berm  bank  to  the  inner 
edge  of  the  towing  path,  is  suspended  by  iron  suspension  rods  (one  at 
each  end  of  each  transverse  floor-beam)  passing  up  through  the  cast- 
iron  connecting-pins  of  truss-chords  and  inside  of  the  hollow  truss- 
posts,  being  connected  at  the  upi^er  ends  with  wire  roj^es  passing  over 
large  sheaves  or  pulley-wheels,  and  connecting  with  counterjioise 
weights  to  balance  the  Aveight  of  the  platform.  These  sheaves  are  made 
fast  to  line-shafts,  suspended  just  below  and  inside  of  the  upper  truss- 
chords  on  either  side  of  the  bridge,  so  as  to  allow  a  segment  of  the 
sheave  to  enter  a  slot  on  the  inside  of  the  i^ost  and  receive  the  wire  rope 
in  its  groove  at  the  centre. 

The  two  line  shafts  have  each  a  bevel  gear-wheel  near  the  centre  and 
at  opposite  points,  into  Avhich  Avork  pinions  mounted  on  the  ends  of  a 
transverse  shaft  that  serves  to  connect  the  tAvo  and  secure  their 
uniform  rotation,  as  well  as  that  of  the  sheaves  mounted  thereon. 

The  platform  being  thus  mounted  and  couuteri5oised,  is  lowered  to 
the  grade  of  the  street  for  the  passage  of  land  vehicles  and  raised  for  the 
passage  of  boats  underneath,  by  application  to  the  transverse  shaft  of 
poAver  sufiicient  to  OA^ercome  the  friction  of  the  working  parts,  Avith  a. 
gi-eater  or  less  surplus  to  act  as  an  accelerating  force. 

The  shafts  upon  which  the  sheaves  and  gearing  are  hung  are  of 
Bessemer  steel  2-V  inches  in  diameter,  with  journals  (as  large  as  the  bars 
Avonld  tirrn)  running  in  composition  half -boxes,  and  caps  to  hold  Avaste 
or  cloth  for  retaining  oil  and  to  keeja  the  journals  properly  lubricated. 

The  sheaA'es  carrying  the  Avire  ropes  are  3  feet  in  diameter,  and  the 
ropes  -jth  inch  (except  end  ones,  Avhicli  are  yih),  Avith  6  strands  of  19 
Avires  each  and  a  hemp  strand  in  the  centre.  They  sustain  a  tension  of 
].5(I0  to  •J,(tOO  pounds  each. 

The  suspension  rods  carrying  the  platform,  liave  caps  at  the  upper 
ends  Avhich  come  to  a  bearing  upon  the  connecting  blocks  at  the  feet  of 
the  truss-posts  Avhen   the  platform   is  doAvn,  and  sustain  the  weight  of 
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passiug    loads   without  additional  strain    upon   the  ropes  or  upon  the 
sheaves  and  line-shafts. 

The  counterpoise  weights  consist  of  12  east-iron  boxes  ((>  upon  each 
side),  9  inches  square,  with  length  corresponding  to  the  length  of  truss- 
panels,  weighing  about  800  pounds  each,  and  containing  about  a  like 
amount  of  pig-iron.  These  weights  have  a  horizontal  position,  thus 
forming  a  continuous  chain  or  series  of  weights  extending  the  whole 
length  of  the  platform  on  each  side,  individual  weights  meeting  one 
another  opiaosite  the  truss-posts,  and  each  wire  rope  connecting  with 
contiguous  ends  of  two  weights,  excepting,  of  coiirse,  those  at  the  ends 
of  the  series. 

It  was  estimated  that  the  platform,  (60  feet  long  and  18  feet  wide) 
would  weigh  10  or  11  tons,  making  with  counterpoise,  20  or  22  tons  to 
be  moved  in  shifting  the  draw,  with  a  friction  resistance  equal  to  oO  to 
40  pounds  to  the  ton  according  to  the  condition  of  the  working  parts. 
Hence,  there  would  be  required  an  amount  of  power  equal  to  7,000  to 
9,000  foot  pounds  to  effect  a  movement  of  11^  feet  np  or  down  as  re- 
quired in  the  case  in  hand.  This  being  regarded  as  equal  to  the  ordiuary 
labor  of  a  man  for  2  to  3  minutes,  it  seemed  that  4  or  5  minutes, 
at  least,  would  be  occupied  in  each  up  and  down  movement.  And,  as  a 
boat  would  pass  once  in  10  or  15  minutes  on  an  average,  nearly  half  the 
time  would  be  occupied  in  the  movements,  which  was  considered  highly 
objectionable.  It  was  therefore  decided  to  have  the  draw  operated  by  a 
power  weight,  to  be  wound  up  at  leisui'e  and  held  in  readiness  when 
required,  for  mo\'ing  the  draw  in  a  short  space  of  time. 

For  winding  up,  the  jilan  adopted  was  a  tread-wheel,  9  feet  in 
diameter  upon  a  vertical  shaft,  with  a  bevel  pinion  working  into  gear 
segments  attached  to  the  -winding-drums,  which  run  loose  upon  the 
transverse  shaft  in  winding,  and  in  running  down  operate  by  means  of  a 
dog  or  catch  and  a  ratchet  wheel  made  fast  to  the  shaft,  essentially  in 
the  manner  of  the  working  of  a  clock  propelled  by  a  weight.  The  first 
design  was  to  use  a  single  weight,  winding  it  in  opposite  directions  to 
produce  the  opposite  movements.  But  it  was  finally  decided  to  have 
two  weights,  one  to  raise  and  the  other  to  lower  the  draw.  These  could 
be  both  up  at  the  same  time,  and  the  two  movements  made  in  quick  suc- 
cession, when  desired. 

The  operating  weights  were  designed  to  have  about  twice  the  power 
required  to  overcome  friction  (the  one  half  to  act  as  an  accelerating- 
force),  and  to  run  down  at  half -movement  of  the  platform,  the  latter 
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lialf-movemeiit  tn  be  effected  by  the  acquired  momentum  of  the  plat- 
form and  counterpoise  ;  in  the  meantime,  the  friction  acting  as  a  brake 
to  gradually  destroy  the  impetus,  and  bring  the  ai)i)aratus  to  a  stop 
without  severe  concussive  shock. 

It  was  roughly  estimated,  that  having  a  force  of  about  one  pound  to 
each  50  or  60  pounds  to  be  put  in  motion,  a  space  of  about  3  inches 
would  be  described  by  the  platform  in  the  first  second  of  time,  9  inches 
in  the  second,  15  inches  in  the  third,  etc. ,  and  thus  the  half-movement, 
about  6  feet,  would  require  a  little  less  than  5  seconds,  with  a  maxi- 
mum acquired  velocity  at  mid-movement,  of  about  2^  feet  in  a  second, 
while  the  friction,  being  about  ecpial  to  the  accelerating  force,  would  re- 
tard the  motion  during  the  last  half-movement,  giving  equal  velocities  at 
equal  intervals  from  the  beginning  and  end  of  the  movement.  Thus 
the  whole  movement  would  be  effected  in  about  10  seconds,  which  is  as 
short  a  time  as  was  deemed  desirable  for  the  purpose. 

The  result  expected  then,  was  a  draw-Viridge  allowing  sufficient  head- 
room for  canal-boats,  taking  up  no  more  space  than  a  stationary  bridge, 
and  which  could  be  operated  by  the  moderate  labor  of  a  single  man 
during  about  2  minutes  for  each  movement,  and  which  would  not 
occupy  more  than  about  10  seconds  in  performing  the  actual  movement. 
The  practical  demonstration  was  that  while  the  time  occui)ied  in  the 
movement  is  nearly  as  estimated,  being  about  8  or  9  instead  of  10 
seconds  ;  the  labor  of  wdnding,  instead  of  2  or  3  minutes  requires  less 
than  one  minute,  and  with  a  slight  degree  of  active  exertion  may  probably 
be  performed  in  ifths  of  a  minute. 

It  becomes  therefore,  a  question  (which  can  be  better  answered  after 
further  experience),  whether  it  were  not  better  to  dispense  with  the 
power  weights  and  move  the  draw  by  direct  application  of  power,  thus 
reducing  cost  of  con.struction,  simplifying  the  process  of  operating  the 
draw,  and  diminishing  the  liability  to  mistakes  by  the  oi^erator,  even  at 
the  cost  of  a  trifling  loss  of  available  time  in  the  use  of  the  bridge  V  The 
difference  between  the  actual  and  estimated  time  of  winding  up  the  oper- 
ating weights,  results  partly  from  the  fact  that  the  platform  is  lighter,  in 
consequence  of  spruce  floor  plank  instead  of  hard  wood  having  been 
used,  whence  the  mass  to  be  moved  is  several  tons  less  than  estimated  ; 
but  chiefly  from  an  under  estimate  of  the  force  a  man  is  able  to  exert 
for  a  short  time,  as  compared  with  his  ordinary  continued  labor. 

In  conclusion,  I  will  only  remark  that  this  plan  of  draw-bridge  {sqy- 
Ijlicable   to  railroad   or   common   street  piirposes)  is,  of  course,    solely 
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adapted  to  canal  navigation,  where  boats  I'eqnire  a  head-room  of  12  or 
14  feet  iu  height  only  ;  and  for  such  use  it  seems  clearly  to  i)ossess  the 
following  advantages  over  other  plans  : 

1.  It  does  not  obstruct  the  navigable  channel  like  a  swing-bridge  on 
a  pier  in  the  centre  of  the  canal. 

2.  It  occupies  much  less  space  than  a  swing-bridge  mounted  upon  a 
shore  pier,  and  is  less  seriously  aft'ected  by  the  action  of  wind. 

3.  It  is  considerably  less  exx)ensive  in  construction  ;  and 

4.  It  is  more  easily  managed  and  worked  than  any  other  canal  draw- 
bridge, except  possibly  the  swing-bridge,  with  centre  pier  and  narrow 
boat-channels  on  either  side. 

Mr.  Ashbel  Welch — The  writer  'in  this  paper  mentions,  as  an 
alternative  design,  a  swing-bridge  with  pier  in  the  canal,  for  A^hicli 
there  was  not  room.  I  wish  to  say  that  the  pier  could  as  well  have  been 
on  one  side,  and  the  liridge  extended  all  the  way  across  the  canal.  A 
large  number  of  bridges  on  this  plan,  42  feet  long,  ai'e  in  operation  in 
the  State  of  New  Jersey.  There  is,  however,  no  reason  why  such  could 
not  be  as  -sAell  made  60  feet  long  ;  nor  do  they  require  much  room,  for 
when  sATOng  open  as  the  bridge  may  be  used  for  part  of  the  toM-[5ath. 

Note. — The  following  are  references  to  the  Plate:  Fig.  1,  side  view  ; 
Fig.  2,  end  view  ;  a,  a,  i^osts ;  b,  b,  movable  platform  ;  c,  c,  chains  ;  (/, 
j)inion  ;  e,  e,  puUeys  ;  /.  transverse  shaft ;  r/,  y  and  n,  gear  wheels  ;  /,  /, 
hangers  ;  I:,  k,  cross  beams  ;  /,  I,  counter  shafts  ;  m,  winding  drum  ;  o. 
ratchet  wheel ;  ^j,  power  weight ;  r,  r,  rods  ;  ir,  ir,  weights,  and  .'•.  .'■. 
openings  in  posts. 


Errata. — In  "LXXXVI,  Retaining  Walls,  an  Attemj^t  to  reconcile 
Theory  with  Practice,"  on  page  72,  first  column  of  table,  for  "280,  300, 
&c.,"  read  "28 ',  30-,  &c. "  ;  and  on  page  73,  twelfth  line  from  top,  for 
"  that,"  read  "thrust ";  on  same  page,  text  from  "By  ordinary  statics  " 
to  "actually  required,"  should  follow  "calculated  height  E,"  on  pre- 
ceding page. 
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In  a  report  ou  tlie  Illinois  and  St.  Loni.s  Bridge,  in  18G8,  I  ad- 
vanced the  i^roposition  that,  for  railroad  purposes,  an  ui^right  arched 
bridge  could  be  more  cheaply  constructed  than  was  pos.sible  by  the 
suspension  system.  This  i:»ostulate  called  forth  soon  after,  some  dis- 
senting views  from  engineering  journals  to  which  I  had  not,  at  the 
time,  the  leisure  to  reply. 

In  this  paper  I  will  endeavor  to  show  that  ujiright  arched  bridges  can 
lie  more  economically  consti'ucted  than  is  possible  by  any  other  method 
whatever,  no  matter  what  length  of  span  may  be  required.  As  the  cost 
of  the  span  (excepting  the  cost  of  roadway)  will,  by  any  system,  increase 
at  least  as  rapidly  as  the  square  of  the  distance  spanned,  the  length  of 
span  will  be  limited  in  all  cases,  by  financial  difficulties,  before  gi'ave 
engineering  ones  are  encountered. 

I  will  first  point  oiit  some  of  the  disadvantages  of  the  system  adopt- 
ed for  the  superstructure  of  the  St.  Louis  Bridge,  Avliich  was  the  best 
method  of  arch  construction  then  known  to  me,  and  will  respectfully 
venture  to  indicate  such  improvements  as  have  suggested  themselves,  in 
consequence  of  these  difficulties  being  so  forcibly  thrust  upon  my  at- 
tention in  the  progress  of  that  work.  An  earnest  wish  to  make  these 
and  their  remedies  thoroughly  understood,  will  I  trust,  excuse  in  me 
much  that  may  seem  commonplace  or  didactic. 
15 
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In  the  St.  Louis  Brklgu  the  upper  and  lower  memljer.s,  which  con- 
stitute a  siug-le  rib  of  the  span,  are  tubuhir  in  form,  the  tuljes  being  each 
18  inches  outside  diameter.  The  rib  thus  formed  is  12  feet  deep  from 
centre  to  centre  of  the  tubes,  and  the  two  lines  of  tubing  are  braced 
together  by  a  single  triangular  system  of  vertical  bracing,  formed  of  flat 
bars  secured  to  the  tubes  at  points  about  12  feet  distant  from  each  other 
throughout  the  length  of  the  rib,  the  bars  being  placed  in  pairs,  one  on 
each  side  of  the  tubes,  and  secured  to  them  by  pins  passing  through  the 
ends  of  the  bars  and  the  couplings  of  the  tubes.  An  npper  and  lower 
line  of  tubes  thus  braced  constitutes  one  rib  of  an  arch  or  span.  The 
curve  selected  for  the  ribs  was,  for  greater  convenience  of  manufactiire, 
the  segment  of  a  circle.  Each  indi^'idual  tube  is  straight,  the  curvature 
of  the  rib  being  accomplished  at  the  junction  of  these  individual  mem- 
bers, each  of  which  is  about  12  feet  long.  The  curve  of  the  rib  tliffers 
from  a  parabola  but  a  few  inches. 

If  the  effects  of  temperature  could  be  avoided,  and  the  curve  were  a 
paraljola,  an  erpiallj'  distributed  load  on  a  rib  would,  of  course,  be  borne 
by  the  upper  and  lower  tubes  equally,  that  is,  half  on  each  ;  and  the 
only  strain  on  the  bracing  would  be  in  transferring  half  of  the  imposed 
load  to  the  lower  tube.  In  this  case  the  tubes  could  be  together  and  the 
bracing  dispensed  with.  We  should  then  have,  in  the  two  lines  of  tubes, 
the  least  possible  section  requisite  to  sustain  this  equally  distributed 
load.  To  brace  the  arch  against  unequal  loading,  the  tubes  were  placed 
12  feet  asunder. 

The  medium  temperature  was  assumed  at  60^  Fall.  The  effect  of  tem- 
perature (ranging  from  —  20-"  to  +  110  Fall.)  increases  the  length  of  the 
rib  about  (3  inches.  This  extension  causes  the  crown  to  rise,  which 
relieves  the  lower  tube  of  compression  at  the  abutments,  and  hence  that 
tube  does  not  then  support  any  portion  of  the  weight  of  the  rib  or  the 
load.  These  are  borne  Avholly  by  the  upper  tube  at  the  abutments, 
and  hence  its  section  there  must  be  increased  accordingly.  At 
the  crown,  the  strains  are  likewise  changed.  There,  liowever,  the  loiuer 
tube  doe«  all  the  duty,  as  the  upward  liending  of  the  rib,  relaxes  the 
compression  in  the  upper  tube  at  this  point,  hence  the  lower  one  must 
be  increased  at  the  centre  of  the  rib  to  enable  it  to  do  this  double 
service.  It  is  thus  seen  that  the  upper  tube  at  the  abutments,  and 
the  lower  one  at  the  crown,  must,  when  the  temperature  is  at  its 
maximum,  perform  the  whole  duty  of  sustaining  the  rib  and  its  load. 
The  strains  in  the  resiiective  tubes  decrease  from  these  points  toward  the 
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haunches  of  the  arch,  where  the  centre  of  pressure  passes  through  the 
middle  of  the  rilx  At  the  haunches  the  compression  is  borne  in  nearly 
equal  j)ortions  by  the  u^jper  and  lower  tubes.  The  extra  section  required 
by  temperature,  therefore,  becomes  smaller  in  the  tubes  as  we  leave  the 
crown  and  abutments. 

These  are  the  effects  of  expansion.  As  the  ribs  are  formed  for  a 
medium  temperature,  contraction  by  cold  reverses  these  strains.  The 
crown  of  the  arch  falls,  and  the  upper  tube  at  that  point  must  be  re- 
inforced, because  it  must  then  sustain  the  entire  compressive  strain, 
which,  at  medium  temperature,  is  equally  borne  by  both  ;  while,  at  the 
abutments,  the  lon-er  tubes  liaA'e  now  to  carry  all  the  load.  Thus  it  is 
seen  that,  both  at  the  abutments  and  the  crown,  the  upi:)er  and  lower 
tubes  must  be  each  of  greatly  increased  section  on  account  of  the 
changes  of  temperature. 

These  changes,  in  very  extreme  cases,  will  proliably  tend  to  with- 
draw the  one  tube  or  the  other  from  the  abutments,  as  extreme  heat 
or  cold  affects  the  rib.  At  the  suggestion  of  my  chief  assistant,  Col. 
riad,  to  give  greater  resistance  to  a  change  of  form  of  the  rib  under 
une(jual  loading,  the  skewbacks  in  which  the  tubes  are  fastened  are 
rigidly  held  to  the  abutments  l)y  anchor  T)olts.  Thus,  at  times,  a  tube 
at  the  abutments  may  not  only  be  relieved  of  all  comiiression,  but  may 
bear  tension  and  pull  upon  its  skewl)acks,  by  which  an  additional  com- 
pressive strain  may  be  transferred  through  the  braces  to  the  other  tube. 
For  this  contingency  additional  secticni  had  to  l)e  provided  at  the  abut- 
ments in  the  first  two  or  three  tubes. 

Greater  depth  of  ths  rib  would  have  increased  all  these  strains  of 
temperature,  and  would  thus  have  involved  larger  sections  at  the  crown 
and  abutments.  By  lessening  the  depth,  the  strains  would  have  been 
diminished,  but  a  more  flexible  rib,  under  unequal  loading,  would  have 
resulteil.  Between  these  evils  on  either  hand,  after  various  calculations, 
the  most  economic  and  satisfactory  results  were  obtained  with  12  feet 
depth  of  rib. 

A  diagram  of  the  strains  of  the  central  arch,  on  which  my  remarks  are 
based,  is  appended,  (Fig.  25 j.  From  these  it  will  be  seen  that  effects  of 
temperature  have  compelled  the  use  of  a  much  larger  quantity  of  metal 
in  the  ribs,  than  would  have  been  necessary  if  these  effects  could  have 
been  avoided. 

No  one  will,  I  think,  deny  that  the  cheapest  possible  form  in  which 
steel  or  iron  can  be  used  to  span  an  opening  and  supiDort  an  equallij  dis- 
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tributed  load,  is  tlie  catenary  or  suspended  areli.  It  is  equally  evident 
that  if  an  upright  arch  has  the  same  span,  weight  and  curve  of  any 
given  catenary,  the  strains  in  the  one  form  would  be  no  more  intense 
than  in  the  other.  In  the  upright  arch  they  would  be  compressive 
strains,  and  in  the  suspended  arch  they  would  be  tensile  ones.  In  the 
suspended  form,  the  section  of  metal  may  be  solid  ;  in  the  upright,  it 
must  be  hollow,  tubular,  or  of  some  construction  that  will  resist  buck- 
ling ;  but  to  be  of  equal  strength  it  must  not  necessarily  be  more  weighty. 
If  either  form  have  an  equally  distributer]  load  placed  on  it,  no  bracing 
will  be  requisite  to  preserve  its  normal  curvature.  The  same  load,  if 
within  the  elastic  limit  of  the  m(ital,  can  be  borne  by  either  with  the 
same  amount  of  material.  Hence,  the  only  difference  in  matei'ial  required 
for  the  two  systems  for  any  given  span  and  load,  must  lie  in  the  differ- 
ence of  bracing  them  to  resist  distortion  when  ioiequaUi/  loaded.  I  refer 
here  simply  to  the  span  between  the  sujiporting  towers  in  the  one  case 
and  the  abutments  in  the  other.  Between  these  points,  with  the  same 
curvature,  the  sectional  areas  of  each  may  V)e  the  same,  under  equal 
loads.  In  this  I,  of  course,  assume  that  the  iron  or  steel  can  be 
trusted  with  equal  strains  in  tension  or  comi:>ression.  In  compression, 
tubular  or  other  sections  are  quite  capable  of  sustaining,  in  Avrought-iron 
or  steel,  all  that  it  is  safe  to  apply  in  tension  if  the  lengths  of  the  com- 
pressive members  do  not  exceed  8  or  10  diameters.  In  the  St.  Louis 
Bridge  however,  they  are  but  8  diameters. 

The  section  of  arch  is  doubled  l)y  doubling  the  span,  and  in  the  siis- 
pension  cable  it  is  evident  that  a  long  span  involves  equal  sectional  areas 
also  in  the  shore  spans,  or  portions  between  the  towers  and  anchorages. 
Whereas,  when  the  stream  is  spanned  by  a  long  arch,  the  need  of  such 
extra  section  in  the  shore  spans  does  not  exist,  because  they  can  almost 
always  be  short  spans.  Mi'.  Peter  W.  Barlow,  C.  E.,  in  18G0,  published 
a  pamphlet  on  the  Niagara  Kailway  Suspension  Bridge,  from  which  I 
quote  the  following  remarkably  clear  explanation  of  the  fact  that  in  all 
known  systems  of  girders,  with  any  given  depth,  four  tinier  as  much 
metal  is  required  to  obtain  the  same  rigidity  as  is  needed  with  the  arch 
or  the  cable. 

"  Let  A  G  B,  Fig.  1,  represent  an  arch  supported  on  abutments  A  and 
B,  and  let  the  deflection  produced  by  a  given  weight,  loaded  equally,  be 
represented  by  unity.  Now,  let  us  consider  the  eff'ect  of  making  this 
arch  into  a  self-supporting  structure,  or  bowstring  girder,  by  removing, 
the  abutments  and  substituting  a  tie,  ^4  B,  Fig.  2. 


I 


199  ^ 

"  Assuming  the  same  weight,  tv,  to  be  placed  equally  all  over,  the  de- 
flection will  be  2,  the  points  ^1  and  B  being  no  longer  rigid,  because  the 
tie  ^-1  D  will  extend  as  much  as  the  arch  A  C  B  will  compress.  There- 
fore, to  produce  the  same  rigidity  in  a  bow  string  girder  four  times  the 
metal  is  required  as  compared  with  the  arch.  The  same  result  arises 
in  a  cable  A  C  B,  suspended  from  the  two  fixed  points  A  B,  Fig.  3. 

"  If  the  back  chains  are  removed,  and  a  comi^ression  tube  A  B  sub- 
stituted, the  metal  is  doubled  and  you  have  a  structure  with  only  half 
the  rigidity.  The  Chepstow  Bridge  on  tlie  South  Wales  Railway  is  an 
example  of  this  arrangement. 

"  The  mechanical  combination  in  the  Saltash  Bridge  is  represented  by 
substituting  the  arch  A  D  B  for  the  tie  A  B,  Fig.  4,  forming  a  combina- 
tion of  a  suspension  chain  and  an  arch.  The  arch  ADC  Avill  not  per- 
form the  duty  of  compression  unless  it  is  connected  with  the  chains  by 
the  ties  a  a,  a  a.  When  thus  connected  both  the  cables  and  the  arch 
assist  in  suj)porting  the  weight  of  the  load.  The  points  A  B  now  be- 
come fixed  points,  and  as  both  the  arch  and  the  chains  assist  in  support- 
ing the  weight,  the  deflection  will  only  be  half  that  of  the  simple  suspen- 
sion cable  with  double  the  weight  of  metal.     It  therefore  appears  : 

"1.  To  convert  an  arch  supported  on  two  fixed  abutments  into  a  bow- 
string girder,  four  times  the  metal  is  also  reqiiired  to  support  the  sam6 
weight  with  the  same  deflection. 

"2.  To  convert  a  cable  suspended  from  two  fixed  jjointsinto  a  Chep- 
stow girder  four  times  the  metal  is  required  to  support  the  same  weight 
with  the  same  deflection. 

"3.  To  convert  the  same  cable  into  a  Saltash  combination  (which  con- 
sists of  a  bowstring  and  Chepstow  girder  combined,  so  that  the  hori- 
zontal tie  in  one  case  neutralizes  the  compression  tube  in  the  other,  by 
which  they  are  both  avoided),  the  deflection  is  reduced  one-half,  Avith 
double  the  weight  of  material,  or  the  same  weight  of  material  will  pro- 
duce the  same  deflection  with  the  same  load,  as  in  the  case  of  the  simple 
arch  or  cable.  But  this  is  obtained  at  the  exjieuse  of  double  the  depth  ; 
and  if  the  arch  or  suspension  cable  was  of  the  same  depth  as  the  Saltash, 
only  one  quarter  of  the  metal  would  i^roduce  the  same  stiff'ness. 

"  In  the  preceding  illustration,  the  bowstring  and  Saltash  girders 
are  referred  to — parallel  girders  are  more  commonly  used — but  they  pre- 
sent no  economy  over  the  simple  bowstring,  and  however  perfect  their 
arrangement  and  proportions,  they  will  still  require  not  less  than  four 
times  the  metal  of  a  simple  cable  of  the  same  depth  and  span  to  jjroduee 
the  same  deflection." 

Enough  is  shown  by  Mr.  Barlow  in  these  extracts  to  prove  a  far 
greater  economy  in  the  metallic  arch  or  catenary  than  is  possible  with 
any  truss  system  known.  In  practice,  however,  the  chief  causes  which 
have  conspired  to  lessen  this  evident  economy  are  :  1st,  the  bracing  re- 
quisite to  preserve  the  form  of  the  arch  when  unequally  loaded  ;  2d, 
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the  effects  of  temperature,  and  3(1,  the  necessity  of  heavier  masonry  to 
resist  the  pull  of  the  cal)le.s  or  the  tlirust  of  the  arch. 

I  cannot  better  illustrate  the  notably  small  amount  of  bracing  or 
"  girder -power"  required  to  resist  the  effects  of  unequal  loading  in  the 
suspended  arch  or  cable  than  l)y  again  quoting  from  the  same  distin- 
guished author.     Mr.  Barlow  says  : 

"  If  the  beam  A  B,  Fig.  5,  be  divided  into  two  beams  by  being  sup- 
ported at  C,  the  two  half  beams,  A  C  and  B  C,  will  deflect  one-eighth  of 
the  amount  of  the  entire  beam  ^1  B  with  the  same  weight.  Let  us 
assume  this  to  be  a  gii'der  attached  to  a  chain,  and  a  load  placed  at  D, 
the  effect  will  be  to  distort  it  into  the  shape  shown  in  Fig.  6.  The  de- 
flection by  the  weight  at  D  will  cause  a  cori'e.spouding  elevation  at  the 
point  E,  and  the  girder  will  assume  the  shape  represented  by  dotted 
lines  in  the  figiire,  to  produce  which  a  force  equal  to  doulole  that  for  a 
given  deflection  on  half  the  beam  is  required,  from  which  it  is  evident 
that  the  Avave  x^roduced  by  a  given  weight  at  D  will  only  amount  to  one- 
sixteenth  of  the  deflection  the  same  weight  will  produce  on  the  entire 
beam  resting  on  its  two  ends. 

"In  the  above  proposition  it  is  assumed  that  the  beam  is  sujiported  at 
its  centre  point  6nly;  in  practice,  when  attached  to  a  suspension  cable,  it 
is  supported  at  various  points  of  its  length,  the  difference  between  the 
wave  of  a  supported  girder  and  the  deflection  of  an  unsniiported  girder 
will  therefore  be  greater  than  one-sixteenth." 

"In  order  to  arrive  at  the  result  by  experiment,  I  had  a  model  of  the 
proposed  Londonderry  bridge  on  a  scale  :f\i  of  the  actual  span,  the  length 
being  13  feet  6  inches  between  the  bearings,  a  length  exceeding  that  of 
the  average  of  the  models  used  by  the  Iron  Commissioners  in  their 
experiments,  and  is  amply  sufiicient — due  allowance  being  made  for 
the  scale — to  determine  the  accuracy  of  the  deflections  on  the  actual 
girder.  The  principal  object  of  these  experiments  was  to  ascertain 
the  deflection  of  the  wave  of  a  girder  attached  to  a  chain,  as  compared 
with  the  deflection  of  the  same  girder  detached,  which  being  obtained,  it 
is  perfectly  easy  to  arrive  at  the  deflection  of  the  wave  of  any  required 
suspension  girder,  because  we  have  sufficient  experiments  on  actual  gird- 
ers of  various  dimensions  to  obtain  the  deflection  from  a  given  load  on 
the  same  girder  not  attached  to  a  chain.  These  experiments  gave  a  mean 
result  of  '^r, ,  so  that,  it  being  flrst  determined  what  amount  of  deflection 
is  to  be  the  limit  with  a  given  load  in  a  given  bridge,  you  have  only  to 
arrive  by  calculation  at  the  sections  of  metal  of  a  girder  of  the  same 
depth  which  would  deflect  25  times  that  amount." 

The  economy  of  a  continuous  girder,  resting  on  a  central  support,  de- 
pends upon  tlie  several  sup^jorting  points  remaining  absolutely  stable,  or 
in  line.  The  sinking  of  one  or  the  elevation  of  another,  creates  extra  strains 
in  the  girder  which  may  destroy  all  the  advantages  of  continuity.   The  great 
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economy  of  girder  power  tlieoretically  shown  by  Mr.  BarloAv  is  not  at- 
tained, in  any  suspension  l^ridge  of  which  I  have  knowledge,  because  the 
eflfects  of  temperature  have  not  been  avoided  in  their  construction.  The 
extension  and  contraction  of  the  cables  cause  the  central  part  of  the 
girder  to  fall  and  rise,  whilst  the  ends  of  the  girder  remain  at  a  constant 
level.  This  is  not  avoided  even  where  the  towers  are  of  iron  also.  Ad- 
ditional strains  are  tliTis  created  in  the  girder,  for  which  increased  sec- 
tions are  required.  These  strains  can  be  avoided  however,  by  jointing 
the  cables  at  the  centre  of  the  span,  and  cutting  the  girder  in  two  at  the 
same  jaoint.  By  this  means  each  half  length  of  girder  trusses  tlie  half 
length  of  cable  to  Avhich  it  is  attached.  If  the  end  of  each  half  girder 
be  securely  fastened  to  the  central  joint,  the  economy  of  a  continuous 
girder  may  be  attained,  because  the  effect  of  the  load  in  bending  the  one 
half  girder  down  is  resisted  by  the  other,  just  as  it  Avould  l)e  if  the  two 
were  continuous.  The  loaded  one  cannot  deflect  without  distorting  the 
cable  above  it,  and  the  cable  cannot  deflect,  without  rising  where  it 
is  unloaded,  whicli  movement  could  only  occur  by  bending  up  the  un- 
loaded half  girder  beneath  it.  In  this  case  the  cable  must  be  likewise 
jointed  at  the  towers,  as  each  half  of  its  length  is  rendered  rigid  by  its 
connection  with  the  half  girder,  and  the  half  girders  must  also  be  al- 
lowed to  expand  and  contract  at  the  towers. 

Fig.  7  illustrates  this  method  of  eliminating  the  strains  of  temperature 
from  the  suspension  bridge,  and  securing  the  fullest  benefit  of  "  girder 
power"  with  the  greatest  economy  attainable  liy  this  system  of  bracing. 
If  Fig.  7  be  reversed,  as  in  Fig.  8,  the  dotted  lines  will  show  that  exactly 
the  same  economy  of  bracing  or  "girder  power"  is  attainable  in  the  uj)- 
right  arch  by  this  method,  except  that  in  one  case  the  vertical  connec- 
tions act  as  ties,  and  in  the  other  as  struts,  and  inasmuch  as  the  compres- 
sive strains  on  the  long  struts  will  necessitate  greater  sections  than  the 
tension  strains  require  in  the  ties,  a  slight  advantage  is  found  in  the 
suspended  arch.  Owing  to  the  weight  of  the  cables,  this  advantage  will 
be  increased  by  a  difference  in  the  expense  of  wind  bracing.  In  this 
last  item,  the  difference  will  be  found  to  be  less,  however,  than  is 
generally  supposed. 

This  fact  may  be  thus  illustrated  ;  if  a  column  of  metal  be  sus- 
pended by  its  upper  end,  its  Aveight  Avill  resist  the  deflection  caused 
by  a  current  of  wind  that  would  blow  it  over,  if  standing  on  its 
base.  It  must  be  remembered,  however,  that  if  suspended,  the 
resistance  of    the  weight  is  only   effective  after  the  centre  of   gravity 
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of  the  cohimn  has  been  moved.  When  vertical,  its  resistance  is  nil  ; 
the  maximum  effect  being  exerted  when  the  horizontal  position  is 
reached  by  the  column.  Therefore  to  preserve  the  lower  end  absolutely 
from  movement  by  the  wind,  would  require  as  strong  a  brace  or  guy  as 
would  be  needed  to  preserve  the  same  stability  at  the  upper  end  if  the 
column  Avere  standing.  The  case  is  identically  the  same  in  the  suspended 
and  upright  arches.  The  liridge  should  be  braced  against  all  movement 
by  wind  as  far  as  possible,  and  hence  the  stal)ility  of  the  cables  due  to 
their  weight,  will  not,  on  investigation,  be  found  to  i)ossess  as  much  im- 
portance as  has  been  claimed  for  it.  The  plan  of  spreading  the  arch  at 
its  bases,  as  proposed  by  Telford  in  his  600  feet  span  for  the  Thames, 
has  been  applied  in  its  reverse  form  to  the  suspension  bridge,  as  a  means 
of  secui'iug  greater  stability  against  wind  pressure.  Either  application 
of  this  feature,  suspended  or  upright,  involves  the  necessity  of  increased 
section  in  the  cable  or  arch,  the  supporting  x:)ower  of  either  being  less- 
ened as  the  plane  of  the  curve  inclines  from  the  vertical.  The  increased 
section  therefore  involved  in  this  means  of  securing  stability  should  be 
charged  in  the  estimate  of  wind  bracing. 

The  illustration  I  hs^ve  given  of  the  suspended  and  standing  column, 
may  likewise  be  referred  to  here,  to  show  that  for  rigid  structures,  the 
weight  of  the  cables  in  preserving  the  suspension  bridge  from  a  change 
of  form  under  unequal  loading  is  not  an  element  of  so  much  impoi'tance 
as  advocates  of  that  system  claim.  Letvl  B,  Fig.  9,  be  a  suspended 
arch  loaded  at  TJ,  and  G  be  the  point  to  which  the  greatest  curvature  has 
been  removed  by  the  load  from  the  centre  E,  of  the  sjDan  where  it  was 
when  the  cable  was  in  equilibrium.  By  reversing  the  figure,  we  see  at 
once  that  in  the  upright  arch,  the  flattening  from  ^1  to  C,  increases  the 
thrust  of  that  portion  against  the  remainder  of  the  arch,  which  being 
without  load,  and  of  inferior  weight,  can  only  be  sustained  by  the 
strength  of  its  bracing  or  girder  power.  This  change  of  form  in  the  arch 
lessens  its  ability  to  resist  the  effect  of  the  load,  and  even  increases  the 
power  of  the  Aveight,  to  further  distort  it  by  the  additional  horizontal 
pressure  against  the  i^ortion  C  B,  due  to  the  flattening  of  ^1  C,  whilst 
the  cnrvature  oi  C  B  becomes  less  favorable  for  resisting  this  horizontal 
pressure.  In  the  cable,  these  conditions  are  exactly  reversed.  The 
effect  of  gravity  upon  the  flattened  portion  tends  to  resist  a  further  dis- 
tortion of  the  catenary.  The  tensile  strains  in  this  portion  increase  Avith 
the  straightening  between  A  and  C,  and  thus  equilibrate  the  effects  of 
th*e  load  at  D. 
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If  we  apply  the  illustration  of  the  column  in  explaining  these 
phenomena,  we  see  that  if  a  force  shall  have  already  deflected  the  sus- 
pended column,  the  application  of  a  load  to  its  lower  end  will  tend  to 
restore  its  vertical  position,  and  will  lessen  the  strain  on  any  horizontal 
brace  or  guy  employed  to  resist  the  deflecting  force  ;  but  if  the  column 
be  placed  on  end  and  deflected,  the  imposition  of  an  additional  load 
upon  its  ujiijer  end  will  tend  to  overthrow  it,  and  will  increase  the 
strain  on  the  brace  or  giiy,  resisting  the  deflection.  These  efi'ects  are 
precisely  the  same  with  the  arch,  when  suspended  and  upright. 

If  we  desire  to  prevent  any  appreciable  deflection  of  the  suspended 
column  from  its  normal  or  vertical  position,  it  is  evident  that  we  must 
api^ly  the  same  amount  of  horizontal  bracing  to  resist  the  deflecting 
force  that  would  be  required  to  j)reserve  the  column  vertically  against  the 
same  force  if  the  column  were  standing  on  its  end,  for  so  long  as  the  sus- 
pended column  remains  vertical,  the  resistance  due  to  its  weight  or  that 
of  the  load  is  nil,  as  before  stated,  and  so  long  as  its  vertical  position  is 
maintained  when  standing  on  end,  its  own  weight  cannot  be  added  to  the 
deflecting  force,  and  hence  it  will  need  no  more  bracing  than  if  sus- 
pended. It  is  after  distortion  has  occurred  that,  the  effect  of  the  weight 
of  the  cable  or  the  arch  is  felt  ;  in  one  case  to  restore  equilibrium,  and 
in  the  other  to  increase  its  disturbance. 

For  railroad  purposes,  as  well  as  to  insure  durability  in  the  structure, 
this  distortion,  should  be  prevented  as  far  as  possible,  and  I  have  no 
doubt  with  a  proper  degree  of  stiffness  in  the  roadway  of  both  systems, 
the  bracing  of  the  upright  arch  can  bo  quite  as  economically  accom- 
plished as  that  of  the  susj^ension  cable.  Just  in  proportion,  hoAvever, 
as  we  i^ermit  greater  undulations  in  the  roadway  of  the  bridge,  the 
economy  of  bracing  will  incline  in  favor  of  the  suspension  system. 

Recurring  to  Fig.  8:  if  half  the  span  of  the  upright  arch  be  loaded,  a 
horizontal  impulse  is  given  to  the  arch  at  the  crown,  tending  to  move 
its  central  point  towards  the  unloaded  half.  To  prevent  this  horizontal 
movement  of  the  centre  of  the  arch,  is  one  of  the  most  important 
problems  with  which  we  are  dealing.  If  the  iinloaded  half  be  kej)t 
from  curving  upward,  the  movement  of  the  center  horizontally  cannot 
occur,  and  then  the  undulation  of  the  roadway  will  be  reduced  to  the 
minimum.  Evidently  the  slightest  Ijending  of  the  girder  will  result  in 
a  horizontal  movement  of  the  centre  of  the  arch  and  cause  a  Avave  in 
the  roadway,  hence  depth  of  girder  is  an  important  element  in  stiftening 
the  arch.      This  movement  naturally  suggests  as  an  expedient  that  th^ 
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ends  of  the  lower  cliord  of  the  girder  be  firmly  fixed  to  the  masonry,  by 
•\vhieh  means  one-half  of  the  girder  would  resist  this  movement  by  ten- 
sion, and  the  other  half  by  compression,  which  Avoiild  certainly  reduce 
the  wave.  Biit  owing  to  the  effects  of  temjjerature,  the  ends  of  the 
girder,  at  the  abutments,  must  be  left  free  to  move  horizontally,  or 
they  will  push  or  pull  the  masonry  to  its  injury  or  destruction. 

Another  effect  Avill  be  noticed  as  a  result  of  the  load  being  on  half  of 
the  span  ;  see  Fig.  8.  The  top  chord  of  the  loaded  girder,  as  well  as  the 
arch  itself,  is  in  compre.ssion  whilst  the  lower  chord  acts  in  tension  to 
resist  the  thrust  from  the  upper  cliord  ;  therefore,  on  this  side  we 
have  two  longitudinal  compressive  members,  and  as  these  strains  are 
reversed  in  the  unloaded  half,  we  find  two  similar  tension  members 
there.  It  is  evident  that  if  the  struts  Avere  run  up  to  the  upper  chord 
and  tension  diagonals  Avere  introdut-ed  from  the  top  of  the  first  strut  at 
the  chord,  to  the  bottom  of  the  second  one  at  the  arch,  and  so  on  to  the 
centre,  the  arch  Avould  supj^ly  the  tensional  resistance  for  the  upper 
chord,  and  the  lower  one  could  be  dispensed  with  in  the  loaded  side  and 
the  tension  chord  in  the  other  half.  This  modification  simply  substitutes 
spandrel  bracing  for  the  girder,  and  Avhen  jointed  at  the  crown,  forms 
the  system  used  in  the  jointed  arch  bridge  at  Szegedin.  From  an  ex- 
amination of  Fig.  10,  which  is  a  skeleton  drawing  of  that  bridge,  the 
strains  of  the  various  members  of  one  of  its  ribs  Avill  be  seen,  as  given  by 
M.  Bitter,  from  Avhose  work  the  drawing  is  coi^ied. 

The  resistance  to  deflection  l)y  this  and  the  preceding  form  of 
bracing  Avould  evidently  be  increased  by  greater  depth  of  ginler.  In 
the  Szegedin  bridge  the  lai'gs  sections  of  the  braces  and  chords  near 
the  centre  of  the  structure  are  due  mainly  to  the  shallow  depth  of  the 
rib,  while  this  depth  has  evidently  l)8en  kept  shallow,  because  of  the  in- 
creased length  require  1  for  the  struts  and  liraces.  These  being  alternate- 
ly in  compression  as  Avell  as  tension,  are  by  economj*  limited  in  length. 
The  span  of  the  bridge  is  but  135  feet.  In  a  structure  of  400  or  500  feet 
length  of  span  these  members  would  be  of  great  length,  and  hence 
the  advantage  of  depth  Avould  be  lost  by  its  greater  proportionate  cost. 

The  half  girder  system  of  stiffening  the  arch  Avill  be  found  more 
economic  than  any  method  of  spandrel  In-acing,  because  vertical  members 
only  are  recpiired  between  the  arch  and  half  girder,  whilst  greater  pro- 
portionate depth  is  practicable  without  involving  such  long  compression 
members.  But  for  another  important  reason,  greater  economy  and 
greater  rigidity  can  be  attained  by  it  than  by  spandrel  bracing.     In  resist- 
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ing  the  horizontal  movement  at  the  central  joint  l)y  spandrel  bracing,  the 
diagram  of  the  Szegedin  bridge  shows  that  the  chord  over  the  unloaded 
half  arch  acts  wholly  in  tension.  Its  large  sections  in  the  central  panels 
of  the  half  rib,  being  about  one-third  of  those  of  the  arch,  indicate  the 
great  pull  brought  by  it  upon  the  unloaded  half  arch,  while  stiffening  it 
to  resist  the  buckling  imj)ulse  from  the  loaded  one.  This  pull  increases 
the  compression  in  the  unloaded  arch,  and  thus  increases  the  tendency 
in  the  central  joint  to  move  towards  the  unloaded  side  of  the  structure. 
When  it  is  remembered  that  the  deflection  of  the  loaded  half  depends 
almost  wholly  on  the  horizontal  movement  of  the  central  joint,  it  will  be 
evident  that  atiy  system  of  bracing  which,  while  tending  to  stiffen  the 
arch  increases  the  impulse  to  move  its  centre  in  the  direction  of  the  un- 
loaded half  span,  must  be  in  conflict  with  economy,  at  least  in  theory,  if 
not  in  practice.  As  the  loaded  half  produces  comi^ressive  strains  at  the 
same  time  in  the  chord  over  it,  and  these  by  the  braces  at  the  central 
joint  also  tend  to  increase  its  horizontal  movement  in  the  same  direc- 
tion, resistance  to  these  strains  can  only  be  had  by  increased  material. 
These  objections  do  not  exist  in  the  girder  system,  whilst  all  spandrel 
braced  arches  are  open  to  them,  whether  jointed  or  not.  Therefore 
spandrel  bracing  will  invariably  prove  more  expensive,  theoretically^ 
than  girder  bracing,  for  the  arch. 

If  the  chords  in  the  sj)andrel  bracing  referred  to,  be  placed  heneath  in- 
stead of  over  the  arch,  as  in  Fig.  11,  these  objections  vanish,  because  the 
strains  are  reversed.  Under  the  loaded  half  they  become  tensile  strains 
and  resist  the  horizontal  movement  at  the  central  joint  by  pulling  di- 
rectly against  it,  and  this  serves  to  prevent  the  spread  or  flattening  of 
that  half.  By  a  system  of  struts,  between  this  member  and  the  arch 
aVjove  it,  the  chord  becomes  virtually  a  susjjension  cable  and  acts  in 
unison  with  the  arch  to  sustain  the  load,  in  the  manner  of  the  Saltash 
girder. 

This  brings  us  at  once  to  the  most  economic  solution  of  the  problem, 
of  preventing  the  horizontal  movement  of  the  centre  of  the  arch,  and  as 
a  sequence,  to  the  most  economic  system  of  superstructure  that  is 
possible. 

If  we  examine  the  effect  of  this  arrangement  on  the  unloaded  side  of 
the  span,  we  find  the  chord  here  has  become  a  compressive  member  and 
also  resists  the  horizontal  force  at  the  crown.  The  intermediate  strut 
work  acts  in  tension  and  prevents  the  rising  of  the  unloaded  arch,  asAvell 
as  the  fall  of  the  chord.     Exactly  such  strains  in  tension  as  are  borne  by 
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the  loaded  clioi'd  will  be  the  sum  of  those  borne  by  the  unloaded  one  in 
compression.  On  the  unloaded  side,  the  arch  and  its  chord  or  counter- 
arch  act  simply  as  a  strut  to  transmit  the  horizontal  and  vertical  forces  at 
the  central  joint  directly  to  the  abutment  at  the  unloaded  side.  The 
necessity  of  preventing,  as  far  as  possil)le  b}'  any  method  of  bracing  the 
arch,  any  horizontal  movement  at  the  crown,  should  not  be  lost  sight  of, 
as  it  is  of  the  first  importance  in  insuring  rigidity.  By  no  method  can 
this  be  so  economically  accomplished,  as  by  the  counter  or  inverted 
arches  shown  in  Figs.  14  and  15,  which  give  also  diagrams  of  strains  of 
a  5UU  foot  span  on  this  plan. 

By  reference  to  these  diagTams  it  wiU  be  seen  that  a  notable  uniformity 
of  section  is  obtained  in  all  of  the  members  of  the  structure,  a  circum- 
stance very  favorable  in  construction.  Perhaps  the  most  remarkable  re- 
sult, however,  that  is  developed  by  the  diagrams  will  be  the  fact  that  with 
a  steel  arch,  with  maximum  compressive  strains  of  20,000  pounds  per 
square  inch  and  all  the  other  members  of  wrought  iron,  with  10,000 
pounds  maximum  strains  per  square  inch,  and  with  10  per  cent,  added 
for  joints,  it  is  practicable  to  sustain  on  a  500  feet  span,  a  moving  load  of 
2,500  pounds  per  linear  foot  by  a  superstructure  weighing  (including 
rails,  floor  bed  and  everything)  only  1,500  pounds  per  foot.* 

This  remarkable  result  is  due — 

1.  To  the  fact  that  every  strain  from  temperature  is  completely  elim- 
inated. 

2.  By  combining  the  arch  and  eaVile,  great  depth  of  girder  or  bracing- 
is  obtained. 

3.  No  struts  longer  than  one-half  the  versed  sine  of  the  arch  are  re- 
qured  and  but  few  that  long. 

■i.  No  great  strains,  such  as  are  incident  in  almost  every  other  system, 
are  thrown  on  the  struts.  When  the  roadway  is  suspended  beneath 
the  arch  as  in  the  case  of  the  diagrams  of  strains  (Figs.  14  and  15),  the 
compression  on  the  struts  is  much  reduced. 

5.  Long  struts  being  unnecessary,  a  greater  versed  sine  or  more  eco- 
nomic depth  of  arch  is  practicable. 

6.  The  least  disturbance  of  equilibrium  brings  every  member  of  the 
structure  into  play  to  resist  it. 

*  The  correctness  of  tliis  statement  has  been  ascertaiued  by  carefully  estimating  the  weights 
of  the  span  from  detail  designs,  and  calculating  the  strains  induced  bj'  the  weight  of  the 
structure  and  its  variously  loroportioned  loads.  The  result  given  in  Figs.  14  and  15,  as  well  as 
the  requisite  sizes  and  weights  of  road-bed,  rails,  &c.,  have  been  all  carefully  verified  by  my 
friend  Col.  Henry  Flad,  and  may  be  accepted  with  confidence. 
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I  will  not  stop  to  compare  the  relative  ecouomy  of  this  method  of 
stiffouinfy  an  arch,  with  that  of  any  girder  system  as  at  present  applied 
to  suspension  bridges,  but  will  call  attention  to  some  of  the  facts  disclosed 
by  the  diagram. 

To  span  an  oi:>ening  500  feet  long  with  a  bowstring  girder,  and  attain 
equal  stiffness  would  involve,  as  is  shown  by  Mr.  Barlow,  the  use  of  four 
times  as  much  metal  as  the  arch  would  require.  The  average  strains  in 
the  arch  in  the  diagram  equal  1060.6  tons  of  2,000  pounds,  hence  a  bow- 
.string  girder  would  involve  four  times  as  much,  and  would  require  an 
average  sectional  area  in  its  two  members,  equal  to  the  resistance  of 
4,242.4  tons.  To  stiffen  the  arch  in  the  diagram,  an  average  section  in  the 
counter-arch  is  required  equal  to  the  resistance  of  184.8  tons,  or  about 
2^  part  of  the  weight  of  the  bowstring  girder.  Mr.  Barlow  obtained  by 
his  experiments  with  models  a  result  of  .J-,  as  the  weight  of  his  stiffening 
girder.  The  similarity  of  his  experimental  results,  with  those  of  the 
careful  scientific  deductions  shown  in  the  diagram,  seem  to  me  quite  re- 
markal)le.  It  will  lie  observed  that  his  proposition  as  to  the  necessity  of 
quadruplicating  the  weight  of  the  girder  to  get  the  stiffness  of  the  arch 
relates  to  the  sustaining  members  only,  and  omits  the  bracing  or  web 
needed  in  all  girders  between  the  upper  and  lower  chords.  In  his  exper- 
iments this  was  of  course  included. 

Respecting  the  relative  strength  required  in  a  stiffening  girder  for  a 
suspension  bridge,  as  compared  with  the  strength  of  a  girder  for  the 
same  span  suited  to  bear  an  uniform  load  of  the  same  intensity,  Rankin 
says  (in  a  note,  page  375,  "Applied  Mechanics,"  5th  edition):  "Hence, 
it  appears  that  if  the  chain  be  supposed  iuextensible,  the  proportion 
borne  by  the  strength  of  the  stiffening  girder  to  that  of  a  simple  girder 
of  the  same  span,  suited  to  bear  an  uniform  load  of  the  same  intensity 
Avitli  the  traveling  load,  ought  to  be  as  0. 1 38  to  1 ;  while  if  the  chain  is 
supi^osed  very  extensible,  as  in  the  approximate  solution,  that  it  is  found 
to  be  -y-j  or  0. 148  to  1 ;  so  that  in  the  intermediate  cases  that  occur  in  prac- 
tice, no  material  error  will  be  committed  if  that  proportion  be  made  as 
1  to  7  or  as  0.143  to  1." 

The  wide  difference  between  the  proportion  of  .^5  obtained  experi- 
mentally by  Mr.  Barlow,  and  the  ]  mathematically  deduced  liy  Prof. 
Rankin,  arises  chiefly  from  the  fact  that  the  one  relates  to  stiffness,  while 
the  other  refers  to  sirengih.  Mr.  Barlow's  illustration,  shows  that 
with  double  the  metal  and  the  same  load,  the  deflection  of  the  bowstring 
will  be  twice  as  great  as  that  of  the  arch,  but  as  the  strains  would  not 
be  increased  thereby,  it  follows  that  double  the  metal  in  the  girder  should 
(theoretically)  give  the  same  strength  of  the  arch,  whilst  four  times  the 


208 

metal  is  required  to  give  the  same  stiffness.  After  making  tliis  allowance, 
however,  the  pro])ortions  of  Prof.  Rankin  are  nearly  twice  as  great  as 
those  of  Mr.  Barlow.  This  may  arise  from  difference  in  the  assumed 
l^roportions  of  depth  and  length  of  girder  and  chain  on  which  the  Pro- 
fessor's calculations  were  based,  and  those  of  Mr.  Barlow's  models. 

Leaving  this  discrepancy  to  be  explained  by  others,  I  will  point  to  the 
fact  that  by  the  diagram  the  average  strains  in  the  counter  arches  are  only 
184.8  tons  of  2,000  i^ounds,  while  those  in  the  arch  are  1060. 6,  or  5f  times 
as  great.  Hence,  as  it  requires  at  least  twice  the  metal  of  the  arch  to 
convert  it  into  u  l)owstring  girder  of  equal  strength,  it  will  be  seen  that 
the  girder  would  weigh  eleven  and  a  half  times  as  much  as  the  counter 
arches  by  w'hich  the  proposed  arch  is  stiffened,  or  65  per  cent,  less  than  the 
weight  of  stiffening  girder  required  for  the  suspension  bridge  according 
to  Rankin.  While  the  stiffness  of  the  arch  over  that  of  the  bow.string 
girder  is  maintained  under  the  whole  load,  the  form  and  depth  of  the 
counter  arches  give  far  greater  resistance  to  undulation  under  the  move- 
ment of  partial  loads,  than  is  possible  by  any  practicable  depth  of  stiff- 
ening girder  yet  proposed  for  a  suspension  bridge. 

I  am  confident  that  a  careful  investigation  of  the  system  suggested 
and  the  facts  stated,  wiU  convince  those  interested,  that  it  is  entirely  prac- 
ticable to  brace  the  upright  arch  more  effectually  and  with  equal,  if  not 
greater  economy,  than  is  possible  by  any  known  method  of  stiffening 
.susiiension  bridges ;  and  that  the  proposed  system  avoids  all  the  disad- 
vantages resulting  from  temperature.  These  two  difficulties  have  hitherto 
prevented  the  most  perfect  economy  of  superstructure  from  being  attained. 
By  overcoming  them,  the  cost  for  long  spans  is  wonderfully  rediiced, 
compared  with  the  most  economic  truss  systems  yet  devised.  By  any 
method  of  girder  construction  hitherto  known,  it  is  impossible  to  span  a 
clear  opening  of  500  feet,  with  less  than  three  times  the  dead  weight  of 
the  arch  on  the  proposed  system,  with  equal  strength  of  girder  and  with 
the  same  material  and  allowable  strain.  More  than  twice  the  quantity 
would  be  requisite  in  any  case,  but  when  the  span  becomes  so  great,  a 
less  economic  depth  of  truss  must  be  taken,  and  the  length  of  truss  must 
considerably  exceed  that  of  the  arch,  because  the  girder  must  rest  upon 
the  masonry,  Avhilst  the  arch  rests  against  it.  In  addition  to  this  great 
excess  in  its  cost,  the  girder  will  have  twice  the  deflection  of  the  arch 
under  equal  loads. 

The  arch,  as  hitherto  constructed,  being  still  much  cheaper  for  the 
superstructure,  it  is  evident  that  a  great  saving  in  the  substructure  must 
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have  existed  in  the  girder  systems,  to  enable  them  to  be  introduced 
during  the  last  thirty  years  in  all  parts  of  the  world,  almost  to  the  exclu- 
sion of  the  areh.  The  difficulty  of  stiftening  the  arch,  and  the  inconve- 
nient effects  of  temperature,  together  with  the  greater  cost  of  masonry, 
have  given  the  different  girder  systems  a  degree  of  public  favor  which 
must  disappear  when  these  objections  to  the  arch  are  removed. 

Having  shown  In  >\v  the  cost  of  the  arch  in  superstructure  may  be  brought 
to  the  lowest  possible  point,  by  economic  and  effective  bracing  and  by 
the  avoidance  of  the  effects  of  temperature,  I  will  joroceed  to  suggest 
such  methods  as  Avill  in  almost  every  case,  render  in  combination  with 
the  arch  the  economy  of  the  girder  snJjstrndure  available.  Evidently  if 
the  cheapest,  x^ossible  form  of  superstructure  can  be  combined  with  the 
cheapest  methods  of  substructure,  we  shall  have  attained  the  most 
•economic  system  of  construction  that  is  possible. 

The  greater  masonry  required  for  the  arch  arises  solely  from  the 
horizontal  forces  resulting  from  the  weight  of  the  arched  span  and  its 
load,  and  from  tliose  which  are  induced  by  temperature.  By  reducing 
the  weight  of  bracing  to  a  minimum,  and  by  eliminating  the  strains  of 
temperature,  we  not  only  arrive  at  the  greatest  possible  economy  of 
superstructure,  but  by  thus  lessening  tlu'  horizontal  })ressure  upon  the 
masonry  to  the  lowest  possible  point,  we  also  reduce  the  cost  of  the  sub- 
structure to  a  minimum,  so  far  as  the  arch  per  se  is  concerned.  There- 
fore, to  reduce  still  more  the  cost  of  masonry  and  approximate,  if  not 
equal,  the  economy  of  girder  bridges  in  this  item,  we  start  from  an 
already  advanced  point  in  our  problem. 

Where  timber  is  abundant,  an  economic  method  of  saving  masonry  in 
the  piers  of  arched  bridges  may  be  emjiloyed  where  the  bridge  consists 
of  two  or  more  arches,  by  introducing  wooden  chords  in  them  against 
the  skewbacks  or  piers  and  abutments.  These  wooden  chords  would 
act  in  compression  only  and  form  a  series  of  covipressiou  members  in- 
stead of  a  line  of  tension  members  or  chords  from  abutment  to  abutment, 
as  in  the  case  of  bowstring  girders.  They  need  not,  however,  be  in 
compression  unless  the  bridge  is  loaded.  If  there  be  a  series  of  long 
spans  together,  however,  the  loading  of  an  arch  at  one  end  of  the  series 
would  produce  compression  throughout  the  entire  line  of  chords  in  the 
other  arches,  and  this  might  shorten  those  chords  so  much  in  the  aggre- 
gate as  jDossibly  to  allow  the  loaded  aix-li  to  si)read  too  much,  and  thus 
produce  objectionable  deflection  in  the  roadway  of  that  arch.  In  this 
case  it  would  be  desirable  to  make  the  abutments  stronger  and  put  an 
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initial  cumpi-essive  strain  in  all  of  th(3  cliords  of  the  system  by  means  of 
screws  or  wedges  against  one  end  of  eacli  line  of  chord  timbers. 

In  a  series,  for  instance,  of  five  arches  of  500  feet  span  each,  where  the 
maximnm  horizontal  force  of  the  load  is  500  tons  on  the  chords,  if  an 
initial  compressive  strain  of  400  tons  be  liroduced  in  the  entire  system, 
from  abutment  to  abutment,  when  the  bridge  is  unloaded,  then  this 
initial  strain  will  be  taken  out  of  the  chords  of  the  first  arch  so  soon  as 
it  has  its  maximnm  load  on  it,  while  the  compression  in  those  of  the 
unloaded  ones  will  be  only  increased  100  tons,  and  therefore  the 
shortening  of  those  chords  would  only  be  one-fifth  part  as  great  as  if 
they  had  no  initial  compression  ;  hence  the  deflection  by  load  on  any 
one  arch  in  the  system  would  be  reduced  accordingly,  and  would  be 
really  less  than  what  it  would  be  in  an  ordinary  bowstring  girder.  In 
this  case,  the  maximum  stress  on  the  abutments,  when  all  the  arches  are 
loaded,  would  be  500  tons  load  +  400  tons  initial  compression  +  (the 
force  from  unloaded  arches  say)  300  tons,  making  a  total  of  1,200  tons  ; 
while  the  jiiers  would  be  subjected  to  vertical  pres.sure  only,  and  hence 
they  could  be  as  cheaj)  as  if  for  ordinary  girders. 

If  the  timbers  were  secured  together  to  resist  tension,  of  course  the 
compressive  strains  would  be  so  much  lessened,  and  the  abutments  pro- 
portionately reduced  in  cost.  With  such  a  system  of  wooden  chords  used 
only  in  comxiression,  the  repairs  of  the  timber  would  be  very  simple  and 
easy.  The  sticks  should  be  squared  at  each  end  and  biitted  against  each 
other  throughout  the  span,  vertical  movement  being  prevented  by  the 
connections  of  the  floor  beams  with  the  arch,  and  lateral  movement,  by 
the  wind  bracing  of  the  floor.  To  remove  any  defective  stick  it  would 
only  l)e  necessary  to  withdraw  the  wedge,  or  slack  the  screw  at  the  end 
of  the  line  in  which  it  was  located,  and  by  which  the  initial  compression 
was  created,  and  every  i^iece  in  that  line  would  then  be  released  and  any 
one  easily  removed. 

The  initial  comi^ression  could  be  so  great  that  no  tension  could  be 
produced  in  either  chord  by  wind  pressure,  and  hence  no  jointing  of  the 
sticks  together  would  be  necessary  to  resist  wind. 

The  track  stringers  and  every  longitudinal  timber  in  the  floor-way 
could  be  thus  utilized  to  resist  the  thrust  of  the  arches,  and  in  this  way, 
where  timber  is  cheap-,  a  very  durable  and  economic  structure  can  be 
erected.  As  no  thrust  in  such  a  bridge  can  come  on  anything  but  the 
abutments,  and  as  these  can  generally  be  located  on  the  high  banks  of 
the  stream,  the  cost  of  the  entire  substructure  would  exceed  very  slightly 
that   which  would  be   required  in  a  truss  bridge  with  sjians   of   equal 
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length.  It  would  pi'ol)ably  be  best  to  make  the  arches  of  such  a  series, 
uniform.  The  thrust  at  the  abutments  will  be  the  same  whether  there 
be  but  one  or  many  arches  in  the  system.  The  stress  on  the  chords 
(except  initial)  would  be  due  entirely  to  the  unequal  loading  of  the 
various  arches. 

This  method  is  applicable  to  parallel  truss  bridges,  and  by  it  the  iron 
lower  chord  or  tension  member  may  be  omitted  and  wooden  compression 
members  substituted  therefor.  The  objection  to  the  combination  of 
Avood  and  iron  in  bridge  construction,  owing  to  the  difficulty  of  repairing 
the  bridge,  does  not  exist  in  this  method.  In  all  others,  the  wood  is 
either  under  tension  or  compression  and  therefore  difficult  to  be  removed. 
In  this,  the  entire  chords  of  any  one  arch  could  be  removed  without  en- 
dangering the  stability  of  that  arch  or  of  any  other  one  of  the  series  ; 
for  it  is  plain,  that  if  any  temporary  weight  were  placed  on  the  floor 
beams,  Avhich  would  equal  the  weight  of  the  chords  to  be  removed,  the 
equilibrium  of  the  whole  series  would  be  undisturbed  by  their  removal, 
so  long  as  the  whole  bridge  remained  unloaded.  In  repairing  it  would 
never  be  necessary,  however,  to  remove  any  one  chord  entire  at  once, 
but  only  to  replace  such  pieces  as  were  found  defective. 

Where  the  use  of  timber  is  found  objectionable  the  cost  of  masonry 
in  arched  bridges  may  be  greatly  rediiced  by  the  following  method  also. 
Suppose  A  B,  Fig.  2,  be  a  bowstring  girder,  whose  arch  produces  a 
horizontal  force  of  500  tons  ;  and  that  the  load  increases  this  force  to 
1,000  tons.  The  iron  chords  of  such  a  girder  will  require  a  sectional  area 
of  200  inches  if  we  allow  a  strain  of  5  tons  per  square  inch.  Suppose  two 
such  girders.  Fig.  11,  constitute  a  bridge  with  abutments  capable  of  re- 
sisting a  horizontal  force  of  1,000  tons,  and  that  each  arch  abuts  against 
the  other  at  the  central  pier,  then  it  is  evident  that  the  section  of  the 
chords  may  be  at  once  reduced  one-half  or  to  100  square  inches  ;  for  the 
thrust  of  one  arch  AviU  balance  that  of  the  other,  and  the  only  strain  which 
can  come  on  the  chords  of  either  Avill  be  from  the  effect  of  the  load,  and 
this  cannot  exceed  500  tons.  No  horizontal  strain  can  come  on  tlie 
central  i^ier,  for  any  unbalanced  thrust  will  be  Ijorne  by  the  chords. 
If  both  arches  lie  equally  loaded,  or  both  be  unloaded,  no  strain  what- 
ever Avill  be  on  the  chords  of  either. 

If  the   arch  A  has  its  maximum  load  imposed,    its  chords  will  be 

strained  in  tension  to  500  tons,  but  if  the  chords  of  both  arches  be 

formed  to  resist  compression  as  well  as  tension,  250  tons  of  this  strain 

wiU  be  transferred  in  compression  to  the  chords  of  B,  and  by  it  to  the 
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abutment  of  B,  -vvliile  tlie  tension  in  the  chord  of  the  loaded  arch  -will  be 
reduced  to  250  tons.  Instead  of  a  central  pier  which  would  have  to  sustain 
a  horizontal  force  of  500  tons  if  no  chords  were  used,  we  arow  have  a  pier 
subjected  to  vertical  pressure  only;  and  instead  of  bowstring  girders,  with 
chords  of  200  square  inch  section,  we  need  only  one-fourth  of  that.  As 
the  chords  of  a  bowstring  girder  are  in  great  part  supported  by  the 
arches,  if  we  can  reduce  the  chords  75  per  cent. ,  we  at  the  same  time 
lessen  the  requisite  section  of  the  arch  itself,  liy  relieving  it  of  this 
much  dead  weight. 

The  only  difficulty  in  carrying  out  this  suggestion  is  the  expansion 
and  contraction  of  the  chords  by  heat  and  cold.  Suppose  that  to  the 
end  A  of  the  lever  A  B,  Fig.  12,  we  attach  one  end  of  the  chord  G  of 
one  arch,  and  to  the  end  B  we  attach  one  end  of  the  chord  D  of  the 
other  arch,  and  that  the  fulcrum  E  be  secured  to  the  central  pier,  whilst 
the  other  ends  of  the  chords  are  attached  to  the  abutment  ends  of  the 
two  arches.  Now,  if  the  inner  ends  of  the  arches  be  made  to  abut  against 
the  fulcrum  of  the  lever,  it  is  evident  that  the  two  chords  may  expand  or 
contract  without  moving  the  central  pier,  or  in  any  manner  disturbing 
the  arches.  Such  expansion  or  contraction  of  the  chords  will  simplj 
cause  the  lever  to  turn  upon  its  fulcrum.  A  force  against  the  fulcrum 
from  either  side  of  it  will  not,  however,  tend  to  turn  the  lever  at  all. 
Such  force  would  be  resisted  equally  by  both  chords,  one  in  tension  and 
the  other  in  compression.  One  half  of  the  force— 500  tons  due  to  the 
load  on  one  arch — -acting  in  the  direction  of  the  arrow,  would  be  received 
on  G  in  compression,  and  one-half  on  Z)  in  tension,  whilst  the  only 
movement  of  the  lever  or  fulcrum  would  be  that  due  to  the  stress  on  G 
and  the  tension  on  I).  The  lever  could  be  made  in  the  form  of  two 
circular  disks  fitted  in  circular  rests  in  the  skew-backs,  the  axes  of 
the  disks  being  coincident.  The  end  of  the  chord  from  one  arch  would 
be  fastened  between  these  disks  by  a  suitable  pin  passed  through  that 
chord  and  the  upper  part  of  the  disks,  and  the  other  chord  would 
be  fastened  by  a  similar  pin  through  it  and  the  lower  part  of  the 
disks.  The  effect  of  heat  or  cold  on  the  chords  would  simply  cause 
a  rotation  of  the  disks  in  their  rests  without  strain  and  with  no  hori- 
zontal movement  of  them  or  the  skew-backs.  This  lever  arrangement 
is  illustrated  by  Fig.  13,  which  shows  a  skew-back  in  perspective, 
seated  on  a  series  of  rollers  resting  on  the  cajj-plates  of  the 
pier.  The  object  of  the  rollers  is  to  avoid  any  possibility  of  horizontal 
strain  on  the  pier,  arising  from  the  extension  of  one  set  of  chords  and 
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the  eompressiou  of  tlio  others  in  two  adjacent  spans,  when  the  load  on 
one  span  is  greater  than  that  on  the  other.  This  movement  will  be  so 
slight,  however,  in  spans  of  ordinary  length,  that  if  the  central  pier  were 
l^roporfcionately  high,  the  rollers  would  be  unnecessary. 

The  chords  of  the  ai'ches  are,  in  Fig.  13,  attached  to  the  disks  by 
links  pivoted  to  them.  One  end  of  a  link  is  inserted  between  the  two 
disks,  and  a  pin  is  passed  throiigh  its  end  and  through  the  two  disks 
above  the  centre  of  the  disks,  while  the  link  from  the  other  chord  is 
similarly  secured  by  a  pin  passed  through  the  disks  and  link  below  the 
centre  of  tlie  disks.  The  other  ends  of  the  links  are  pivoted  to  the 
adjacent  chords  of  the  two  arches.  This,  in  effect,  constitutes  a  vertical 
lever  attachment  for  the  ends  of  the  chords,  of  greatly  stronger  design 
and  more  compact  than  would  be  possible  with  a  vertical  lever  having  a 
central  fulcrum  pin  through  it.  The  links  must,  of  course,  bear  com- 
pression as  well  as  tension. 

This  plan  of  disks  is  best  used  in  two-span  designs,  but  can  be  used 
with  great  economy  in  those  of  but  one,  or  of  more  than  two  spans. 

When  both  arches  of  a  two-span  bridge  are  loaded,  the  abutments 
Avill  of  course  receive  as  much  thrust  as  with  an  ordinary  arch,  for  the 
chords  are  only  strained  when  a  greater  load  is  on  one  arch  than  the 
other.  But  the  central  pier  has  nothing  but  vertical  pressure  on  it,  and 
may  be  greatly  reduced  in  cost,  while  the  chords  are  only  one-quarter  the 
weight  that  would  be  needed  in  ordinary  bowstring  girders.  If  four  spans 
be  desired,  the  central  pier  need  then  only  be  strong  enough  to  resist  the 
thrust  due  to  unequal  loads  on  tlie  arches,  as  the  thrust  from  the  dead 
weight  of  the  arch  on  one  side  of  it  A\ill  be  balanced  by  that  of  the  one 
on  the  other  side  of  %. 

In  the  case  of  a  single  arch,  let  us  su^^pose  that  one  end  rests  upon 
one  abutment  capable  of  holding  but  half  the  thrust  of  the  arch,  and  at 
the  other  abutment  Ave  locate  a  skew-back,  designed  substantially  as  in 
Fig.  13.  Let  a  chord  be  secured  to  the  end  of  the  arch,  at  the  first 
abutment,  and  to  the  inner  link  at  the  other  abutment.  Now,  if  the  end 
of  the  second  link  be  secured  in  this  abutment  so  as  to  resist  compres- 
sion, it  will  throw  against  this  abutment  one-half  of  the  thrust  of  the 
arch,  while  the  chord  will  receive  the  other  half  in  tension.  By 
such  a  modification  one-half  the  weight  of  the  chord  of  an  ordinary 
bowstring  girder  and  one-half  of  the  masonry  that  an  ordinary  arch 
would  require  wiU  suffice.  The  skew-back  with  the  disks  in  it  would 
have  to  move  on  rollers  in  tliis  case,  and  would  make  one-half  of  such 
movement  as  would  be  due  to  the  elongation  of  the  chord  from  temper- 
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atufo  iuid  from  the  load  also.  By  very  simple  modiflcations  of  the  system, 
this  movement  could  be  divided  so  as  to  occur  eqiially  at  both  abut- 
ments. This  movement  would,  however,  be  no  more  objectionable  than 
that  of  the  ordinary  iron  girders  on  their  piers,  while  the  deflection,  by 
preventing  the  arch  from  si)readiug,  would  be  25  ^jer  cent,  less  with  a 
single  arch,  and  50  i^er  cent,  less  if  two  arches  are  used,  than  with  any 
girder  bridge  of  equal  depth  and  strength  now  known. 

By  combining  -wdth  this  modification  of  the  bowstring  girder,  the 
counter-arch  method  of  liracing  the  arch,  before  suggested,  and  with 
central  and  abutment  joints  in  the  arch,  we  have  a  system  of  Ijridge 
construction  from  which  the  effects  of  temperature  are  absolutely  elimi- 
nated, and  Avhich  wiU  be  found  to  greatly  surpass  in  economy  of  super- 
structure anything  yet  devised,  and  which  admits  of  such  reduced  cost 
of  substructure  as  to  almost,  if  not  (juite,  equal  that  applied  to  the 
various  kinds  of  girder  bridges. 

The  construction  of  the  arches  in  half-length  ribs,  with  the  counter- 
arch  bracing,  enables  the  ribs  to  be  easily  erected,  even  if  the  spans 
be  enormous  in  length.  Each  segment  or  half  of  a  rib  could  be  easily 
erected  by  a  temporary  tower  placed  in  the  stream,  midway  in  the  span, 
either  on  floats  or  piles,  to  sui)port  the  inner  ends  of  the  segments,  and 
on  this,  and  on  the  abutments,  should  be  placed  machinery  sufficient  to 
lift  a  segment.  When  it  is  understood  that  siicli  a  segment,  with  its 
counter-arch  and  bracing  for  a  span  of  500  feet  to  carry  2,500  pounds 
per  linear  foot,  weighs  less  than  50  tons,  if  the  arch  be  of  steel,  and  that 
the  hoisting  machinery  needs  only  to  lift  each  end  of  such  a  segment,  or 
25  tons,  the  ease  with  which  such  arches  can  be  put  together  will  be  at 
once  manifest. 

No  suspension  bridge  system,  yet  devised,  possesses  anything  like  the 
resistance  to  change  of  form  which  this  does,  owing  to  its  great  depth  of 
bracing  ;  while  for  equal  length  of  span  it  possesses  greater  economy. 
The  catenary  to  span  the  same  opening,  must  be  longer  than  the  arch,  by 
the  diameter  of  one  tower,  as  it  extends  from  centre  to  centre  of  towers, 
while  the  arch  will  spring  from  the  faces  of  the  masonry.  This  advan- 
tage possessed  by  the  arch,  will  quite  compensate  for  the  joints  required 
in  its  construction,  and  which  are  not  needed  in  wire  cables. 

Where  great  height  of  span  is  desirable,  the  cost  of  masonry  to  hold 
an  ordinary  arch  may  become  so  great  as  to  forbid  availing  of  its  unques- 
tioned economy.  In  such  cases  the  chord  with  its  comijeusating  lever 
or  disk  attachment,  at  one  or  both  ends  of  the  arch,  will  relieve  the  i)iers 
of  any  desired  amount  of  tlie  thrust,  just  in  proportion  to  the  relative 
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lengths  of  the  lever  anus,  or  relative  distances  from  the  centre  of  the 
disks,  at  which  the  pins  are  located. 

It  is,  however,  when  we  compare  this  system  with  other  parts  of  the 
suspension  system,  that  its  great  economy  over  that  system  is  seen. 
"When  we  leave  the  great  central  sjsan,  the  chief  feature  of  nearly  all  sus- 
pension bridges,  and  examine  the  large  sections  that  must  be  m.aintained 
in  its  cables  over  the  reduced  spans  between  the  towers  and  anchorages, 
and  compute  the  necessary  weight  and  great  cost  of  the  masonry  required 
to  resist  the  tension  of  the  cables,  and  compare  these  features  with  the 
shorter  and  more  economic  spans  and  light  piers  which  this  system  ad- 
mits of  in  the  apitroaehes,  we  perceive  its  reiuarkablo  economy  over  the 
best  suspension  system  yet  devised.  To  the  economy  and  rigidity 
secured  by  the  system  proposed,  we  mu«t  add  in  its  favor  also  the  im- 
l^ortant  elements  of  safety  and  durability,  which  are  secured  in  a  higher 
degree  by  using  the  material  of  the  chief  sustaining  member  of  the 
structure  in  compression,  instead  of  tension. 

There  is  no  limit  except  a  financial  one,  to  the  length  of  span  which 
may  be  safely  constructed  by  this  system,  and  spans  of  1,500  or  2,000- 
feet  will  be  found  to  be  entirely  within  a  practical  or  profitable  limit  of 
expenditure. 

Figs.  16,  17,  18,  19  and  20  represent  abridge  with  two  spans  of  400  feet 
each,  on  the  proposed  system,  for  a  douVile-track  railroad.  Table  I  con- 
tains a  summary  of  quantities  and  weights  of  materials  for  it«  construc- 
tion. Tal)le  II  contains  the  quantities  and  weights  of  a  bridge  with  five 
spans  of  250  feet  each,  all  the  jjiers  being  of  masonry.  Figs.  21,  22,  23 
and  24  illustrate  the  five-span  bridge.  Both  tables  have  been  carefully 
prepared  from  complete  designs  for  both  bridges.     (See  pages  235,  236.) 

Mr.  Chakles  Macdonald — I  would  not  presume  to  discuss  the  jiaper 
just  read  without  opportunity  for  full  consideration,  nor  Avill  I  at  this 
time  attempt  an  examination  of  the  argument  presented  in  favor  of  the 
economy  of  the  arch  over  the  suspension  system. 

We,  as  engineers  simply,  too  often  loose  sight  in  bridge  constriie- 
tion  of  a  very  important  element,  the  cost  per  pound  of  the  material 
and  the  facility  for  erection,  while  instead  we  are  considering — 
also  an  important  element — the  reduction  of  weight.  Those  who 
examine  the  St.  Louis  Bridge,  must  be  impressed  with  the  gTeat 
accuracy  in  Avorknianship  required  to  fully  carry  out  the  theory  of 
the  design.  The  most  expensive  material  was  used,  to  withstand  the 
strains  which  was  said  in  Capt.  Eads'  first  report  to  exist  in  the  mem- 
bers.     All  this  increased  the  cost  per  pound  of  the  structure,   and  I 
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(lovibt  whetlier  in  the  construction  of  another  bridge,  he  will  again 
adopt  this  design  for  the  piiipose  of  sa\'ing  a  few  pounds  of  metal. 

In  my  judgment,  and  from  a  practical  i3oint  of  view,  gi-eat  increase  in 
lengths  of  spans  generally  seems  unnecessary.  In  most  cases  the  problem 
of  covering  a  given  space  is  best  solved,  and  with  greatest  economy, 
when  the  cost  of  superstructure  about  equals  that  of  its  supports.  I 
Avill  refer  to  a  recent  instance  ;  bids  were  asked  for  a  liridge  on  the 
Cincinnati  Southern  Railway,  over  the  Kentucky  River,  where  the  dei)th 
from  the  rails  to  the  water  was  275  feet,  and  the  opening  was  1,225  feet. 
Ten  or  twelve  prox:)osals  w^ere  received,  only  one  of  which  was  for  a 
suspension  bridge,  and  that  Avas  the  most  expensive  offered  :  the  others 
were  for  spans  varying  in  length  up  to  270  feet  only.  In  this  case  the 
engineers  who  bid,  did  so  mtlr  reference  to  cost,  and  Avithout  regard 
to  "glory"  ;  each  in  designing  his  structure  endeavored  to  get  the  most 
economical  arrangement  of  jiarts  and  length  of  span. 

More  attention  should  be  given  to  the  cost  X3er  pound,  and  a 
preference  to  shapes  of  iron  most  easily  and  cheaply  made,  and  which 
are  most  economical  in  the  end.  There  may  be  a  little  more  or  less 
difference  in  weight  in  consequence,  but  where  the  cost  of  the  whole 
bridge  is  taken  into  account,  it  is  hardly  necessary  to  make  so  nice  cal- 
culations as  have  been  just  read. 

Mk.  Ashbel  Welch — I  Avish  to  endorse  as  strongly  as  possilile  Avhat 
Mr.  Maedonald  has  said  about  cost  of  structures,  and  to  remind  this 
body  of  Civil  Engineers  of  a  cardinal  principle  to  be  regarded  ahvays  in 
practice — that  engineering  is  best  which  most  fully  answers  its  purpose 
at  the  least  cost. 

Me.  J.  DuTTON  Steele — I  will  mention  a  historical  anecdote  relative 
to  the  Suspension  Bridge  built  l)y  Telford  over  the  Straits  of  Menai, 
■which  will  be  found  recorded  in  the  history  of  that  structure.  It  Avas  his 
intention  to  construct  a  cast-iron  arch,  such  as  he  had  i^ut  up  in  many 
places  in  Great  Britain;  to  support  the  vonssioi-s  during  erection,  he 
designed  a  suspension  system,  similar  to  that  employed  at  St.  Louis  but 
more  elaborate,  Avhicli  when  complete,  was  found  sufficient  in  itself 
Avithout  the  arch,  hence  he  abandoned  his  first  design  and  put  up  a 
suspension  bridge. 

Mr.  Willaed  S.  Pope.* — In  this  paper  is  stated  the  broad  and  sAA-eep- 
ing  proposition,  that  "  Upright  arched  bridges  can  be  more  economically 
constructed  than  is  possible  by  any  other  method  whatcA^er,  no  matter 


*  This  and  the  following  discussions  were  preseutecl  at  the  meeting  of  the   Society,  held 
September  16th,  1874. 
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what  length  of  span  may  be  required  ;"  the  general  reasons  are  given  on 
which  this  opinion  is  based,  and  in  explanation  and  corroboration  there- 
of are  appended  diagTams  and  estimates  of  materials  in  upright  arched 
bridges  of  various  spans,  in  accordance  with  the  designs. 

This  proposition  is  a  startling  one.  During  the  past  quarter  of  a 
century  the  necessities  of  commerce  have  stimulated  bridge  construction 
utterly  beyond  })recedent,  and  consequently  great  and  earnest  attention 
has  been  paid  to  this  specialty  of  engineering.  All  over  the  civilized 
world  engineers  have  devoted  their  best  capacities  to  the  study  of  this 
subject,  and  the  concurrent  action  of  almost  all  has  been  in  one  direc- 
tion. "Without  consultation  with  each  other,  and  certainly  \\dthout  undue 
Inas,  reasoning  out  their  conclusions  from  different  data  and  by  differ- 
ent processes,  they  have,  with  surprising  unanimity,  departed  from  the 
simple  arch  and  gravitated  toward  other  forms  of  structure.  Of  the 
multitudinous  bridges  for  railroad  purposes  that  have  been  constructed 
in  metal  during  the  past  twenty  years,  those  that  are  of  the  pure  arch 
form  are  insignificant  in  number.  The  bridge  at  St.  Louis  is  almost  the 
sole  modern  example. 

If  the  proposition  so  boldly  affirmed  is  correct,  it  shows  that  tlie 
general  tendency  of  modern  bi'idge  engineers  is  in  the  ^\Tong  direction; 
that  they  have  been  misled  and  are  all  astray.  It  is  surely  proper,  there- 
fore, to  examine  with  care  the  reasons  on  which  this  revolutionizing 
statement  is  based. 

Action  and  reaction  are  equal.  In  a  structure  of  the  kind  known 
distinctively  as  the  truss,  the  compressive  action  of  one  member  is  met 
by  the  tensile  reaction  of  its  corresponding  mate,  and  so  the  super- 
structure is  of  itself  in  equilibrium.  In  the  suspended  or  the  upright 
arch,  the  direct  reaction  is  taken  by  the  substructure,  which  must  be  en- 
larged accordingly.  Therefore,  both  substructvire  and  superstructure 
must  be  considered  together  in  making  any  comparison  between  the 
economic  merits  of  different  forms  of  construction. 

Here  let  me  commend  the  characteristic  fairness  with  which  the 
writer  has  met  the  case.  He  recognizes  the  fact  just  stated,  and  very 
propei'ly  considers  the  entire  bridge  as  a  unit.  Whatever  may  thought 
of  his  conclusions  and  the  reasoning  on  which  they  are  based,  he  cer- 
tainly confronts  the  problem  boldly  and  squarely. 

First,  as  to  the  difference  between  a  suspended  and  an  uin-ight  arch. 
Here,  as  the  reaction  in  both  cases  is  borne  by  the  substructure,  that 
element  of  cost  may,  for  the  jiurposes  of  the  comjjarison,  be  disre- 
garded. 
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111  the  suspended  arcli,  tlie  cables  Avliicli  carry  tlie  structure  must  be 
extended  full  size  over  and  beyond  tlie  supporting  towers  to  tlie  anchor- 
age behind  them.  Thus  the  actual  length  of  the  bridge  is  considerablj^ 
greater  than  the  eflfective  length.  This  item  of  cost  is  saved  in  the  up- 
right arch,  and  so  far,  therefore,  the  comparison  is  in  its  favor.  In 
many  cases,  however,  short  sjaans  are  required  at  each  end  of  the  main 
span,  in  which  case  the  extended  cables  answer  for  such  support,  so  that 
such  extension  is  not  necessarily  a  total  loss. 

But  the  cables  or  chains  of  the  catenary  are  in  tension,  while  the  ribs 
of  the  upright  arch  are  in  compression.  It  is  doubtless  the  fact,  as 
stated  in  this  paper,  that  iron  or  steel  can  be  trusted  with  ec^ual  strains 
for  equal  sectional  areas,  whether  in  compression  or  tension,  although, 
the  almost  universal  x^ractice  is  to  tax  the  metal  less  with  the  former  than 
with  the  latter  duty.  But  in  compression  the  ratio  between  length  and 
diameter  is  an  essential  element,  while  in  tension  this  is  not  considered. 
To  get  the  full  value  of  the  compressive  capacity  of  the  materials  named, 
the  length  of  the  member  must  not  exceed  ten  or  twelve  times  its  di- 
ameter. This  at  once  introdvices  the  necessity  of  bracing  the  upright 
arch  to  secure  its  permanence,  a  necessity  which  does  not  at  all  apjjly  to 
the  suspended  arch. 

That  we  may  get  a  clear  insight  into  this  matter,  let  us  leave  entirely 
out  of  view  for  the  present  the  lateral  strains  induced  by  wind  or  by 
moving  loads,  inasmuch  as  these  are  common  to  both  forms  of  structure, 
and  material  must  be  provided  to  resist  them  alike  in  each.  Let  us  al.so 
disregard  for  the  present  the  necessity  (also  common  to  each)  of  provid- 
ing for  a  variable  load,  and  assume  that  the  weight  to  be  carried  is  defin- 
ite and  uniformly  distributed.  The  data  being  the  same,  the  strains  are 
alike  in  each,  only  of  an  opposite  character  ;  and  it  may  be  granted  for 
the  sake  of  the  argument  that  the  net  sectional  area  of  metal  and  con- 
sequently the  net  weights  are  also  alike. 

What,  then,  are  the  conditions  respectively  ?  Each  single  cable  of  the 
catenary  is  complete  in  itself.  To  perform  its  functions  it  needs  no  other 
or  auxiliary  connections.  It  is  entirely  independent,  self-supporting, 
and  carries  its  load  without  outside  helj).  It  is  of  simple  construction, 
compact,  solid,  without  objectionable  joints,  and  contains  within  itself 
no  element  of  destruction.  It  is  easih-  and  safely  erected  in  place.  Ap- 
jilieation  of  reasonable  load,  and  indeed  its  own  weight,  serves  only  to 
'  increase  its  stability.  All  the  forces  of  nature  act  with  it,  and  it  is  in 
entire  harmony  with  the  immutable  laws  that  govern  all  matter. 
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In  the  upright  arch,  most  of  these  couditious  are  reversed.  Each  ril) 
is  l^T  itself  xitterly  helpless,  even  to  carry  its  own  weight,  and  must, 
therefore,  be  connected  Avith  otln^-  ribs  by  an  elaborate  and  expensive 
system  of  lateral  bracing.  Its  construction  must  be  tubular,  or  rectan- 
gular, or  of  some  similar  form  suitable  to  resist  flexure,  and  all  such 
forms  are  expensive.  It  abounds  in  joints,  each  one  of  which  must  be 
carefully  and  perfectlj^  fitted.  The  lateral  bracing  must  be  so  complete 
as  to  thoroughly  secure  the  various  ribs  at  intervals  of  not  greater  than  ten 
or  twelve  diameters.  To  erect  it  in  place  is  a  diflScult  and  dangerous 
task.  The  centre  of  gra\dty  is  high  relatively  to  its  base,  and,  conse- 
quently, the  forces  of  nature  act  against  rather  than  Avith  it.  No  human 
work  can  be  perfect,  and  defects  of  workmanship,  that  would  be  almost 
immaterial  in  tlie  catenary,  become  serious  when  in  the  upright  arch. 
It  is  impossible,  even  if  it  were  desirable,  to  make  a  structure  Avhich  will 
be  absolutely  rigid  ;  oscillations  and  undulations  that  would  be  harmless 
in  the  catenary  might  prove  ultimately  fatal  to  its  rival. 

These  are  some  of  the  inherent  and  Inroad  differences  between  the 
two  forms  of  construction.  Other  matters,  such  as  provision  for  variable 
load,  for  side  strains  from  wind,  etc.,  etc.,  are  common  to  both,  and  so 
need  not  enter  into  the  present  computation.  x\nd,  in  the  opinion  of 
modern  engineers,  it  is  these  dift'erences  that  have  so  generally  influenced 
the  .substitution  of  other  forms  in  place  of  the  arch. 

Indeed,  the  fact  is  not  to  be  disguised  that,  on  general  principles, 
most  engineers  prefer  to  avoid  compressive  strains  in  metals  as  much  as 
j)Ossible.  It  is  easy  to  know  perfectly  our  material  and  all  its  capacities 
in  tension  ;  but,  in  the  present  state  of  our  knowledge  so  many  elements 
of  uncertainty  enter  into  the  use  of  iron  in  compression,  that  such  use 
must  be  attended  with  much  ri.sk.  It  is  one  of  those  subjects  concerning 
which  we  feel  that  a  little  knowledge  is  a  dangerous  thing,  and  prudent 
engineers  are  careful  to  err  designedly  on  the  side  of  safety.* 

If  an  upright  arch  is  to  be  used  at  all,  the  suggestion  of  a  counter- 
arch  for  variable  loads  has  much  merit.  The  difficulties  that  were  en- 
countered in  the  designs  of  the  St.  Louis  arch-bridge,  from  the  effects 
of   changes  of   temperature,  are   fully  and   forcibly  detailed.     In   this 

*  The  great  desirability  of  more  information  in  regard  to  the  practical  compressive  capacity 
of  metals  is  illustrated  by  the  action  of  the  Society  in  appointing  a  committee  (of  which 
Capt.  Eads  himself  is  a  member)  to  procure  the  assistance  and  co-operation  of  the  Govern- 
ment in  making  a  thorough  and  elaborate  series  of  tests  and  experiments  on  the  capacities  of 
metals.  No  more  important  subject  than  this  can  engage  the  attention  ol  the  Society  and  its 
members. 
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sti'uctuve,  the  two  members  cdm^xjsing  one  rib  jire  intended  to  act 
together,  each  bearing  its  proj^ortion  of  compression,  and  at  medium 
temperatvires  tliey  do  so  act,  but  in  extreme  cold  weather  the  rib  deflects, 
changing  of  course  its  curvature,  and  then  at  the  crown  the  upper 
member  and  at  the  springing  the  loAver  member,  does  all  the  duty, 
which  duty  is  still  further  increased  by  an  actual  tensile  strain  brought 
Tipon  the  o^jposite  member  at  those  points.  In  extreme  hot  weather  this 
action  is  reversed.  Thus  the  novel  experience  is  had,  of  certain  portions 
of  an  arch  subjected  to  tensile  duty.  This  tension  was  found  so  con- 
siderable as  to  render  it  necessary  to  firmly  bolt  the  skew-backs  to  the 
masonry.  Doubtless  the  counter-arch  jointed  at  the  crown  and  at  the 
skew-back  Avould  have  ob\T[ated  the  difficulty,  and  indeed,  it  would  seem 
that,  even  with  the  present  construction,  if  the  two  members  composing 
the  rib  had  l)een  brought  together  at  the  springing  and  at  the  crown,  the 
trouble  would  not  have  t)ccurred.  As  the  bridge  is  designed,  it  ap- 
pears impossible  to  tell  how  much  duty  each  skew-back  is  at  any  time 
actually  performing  ;  just  as  it  is  impossible  to  tell  precisely  how  much 
weight  comes  upon  each  leg  of  a  four-legged  table. 

Accompanying  Capt.  Eads'  paper  are  plans  and  estimates  for  a 
bridge  on  his  design,  with  a  span  of  40(1  feet,  and  a  rise  of  50  feet,  the 
floor  being  suspended  below  the  arches  flush  Avith  the  springing.  A 
thorough  system  of  lateral  and  diagonal  bracing  betAveen  the  respectiA'e 
arches  and  counter-arches  is  shoAvn,  so  thorough  indeed,  as  to  quite 
lilock  up  the  roadAvay,  the  latei-al  strut  l)etAveen  the  counter-arches  nearest 
the  springing  being  only  about  6  feet  aboA'e  the  floor.  Avhile  the  lateral 
ties  seem  to  extend  qi^ite  down  to  the  floor.* 

But  assuming  that  a  clear  headway  of  20  feet  aboA^e  the  floor  is  needed 
for  the  passage  of  trains,  no  lateral  strut  or  tie  could  be  placed  betAveen 
the  main  arches  for  a  distance  of  40  feet  from  the  springing,  or  l:)etween 
the  counter-arches  for  a  distance  of  12(1  feet  from  the  springing.  For 
these  distances  therefore,  the  arch  and  counter-arch  could  only  be  stiif- 
ened  laterally  by  knee  braces  from  the  floor  ;  inasmuch  as  the  entire 
floor  is  simply  suspended  from  the  arches  this  Avould  not  proA-e  a  A-ery 
reliable  security,  and  for  just  tliis  locality  where  the  lateral  bracing  is 
the  Aveakest,  the  need  of  it  is  the  greatest,  as  it  is  exactly  here  that  the 
strains  are  the  heaviest. 

Indeed,  the  demands  of  an  upright  arch  for  continuous  and  eftective 
lateral  bracing  between  the  ribs  are  so  imperative  and  absolute  that  it 

*  This,  however,  is  evidently  an  oversight  of  the  cTraftsman. 
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is  almost  a  necessity  tliat  the  flooring  and  passage  way  slionld  be  placed 
either  entirely  below  the  springing  or  above  the  crown.  The  vertical 
sjaace  between  the  springing  and  crown  is  fairly  interdicted  for  snch  ser- 
Adce,  and  any  intrusion  therein  is  at  the  expense  of  the  stability  or 
economy  of  the  structure.  The  grade  line  of  the  floor  being  generally 
the  governing  consideration,  if  the  arches  are  placed  above  it  sufficiently 
for  the  necessary  head-room,  they  are  raised  very  high,  which  of  course 
adds  to  masonry,  and  so  to  cost.  If  the  arches  are  placed  below  the 
grade  line,  they  not  only  take  up  what  may  be  valuable  headway  for 
navigation  but  also  necessitate  a  heavy  and  costly  system  of  struts  for 
the  support  of  the  roadway  on  top  of  the  haunches. 

It  is  furthermore  pertinent  to  consider  that  so  far  as  bridges  are  or 
may  be  built  over  na\T  gable  streams,  an  arch  jilaced  below  grade  usurps 
more  of  the  head-room  for  vessels  than  does  any  other  form  of  structure. 
A  law  decreeing  a  certain  specified  clear  space  between  high  water  and 
the  crown  of  the  ai'ch  may  jjrove  very  deceptive  as  a  protection  to  the 
interests  of  navigation. 

Leaving,  now,  the  comparison  between  the  upright  and  the  suspended 
arch,  we  come  to  a  consideration  of  the  devices  suggested  to  secure 
economy  in  masonry.  These  are  ingenious,  and  so  far  as  I  know,  novel ; 
they  can  be  best  iinderstood  by  a  reference  to  the  paper.  That  the  line 
of  timber  chords  suggested  for  a  series  of  arches  would  answer  the  pur- 
pose I  have  no  doubt  ;  to  secure  them  firmly  however,  would  require  a 
large  amount  of  liracing,  both  vertical  and  lateral.  They  would  not  be 
especially  ornamental,  and  would  be  liable  to  decay  and  to  fire.  To  decide 
as  to  their  ultimate  economy  would  require  a  calculation  for  each  parti- 
cular case.  I  imagine  that  engineers  generally  will  hardly  urge  their 
adoiation. 

The  othel"  and  more  elaborate  plan  provides  for  dividing  the  thrust 
into  parcels,  and  apportioning  a  certain  definite  part  to  the  abutments  and 
a  certain  other  part  to  a  system  of  longitudinal  tie-rods  or  lower  chords  ; 
in  other  words,  the  arch  now  becomes  partly  an  arch,  and  partly  a  bow- 
string girder.  In  the  case  of  two  adjoining  sjians,  if  they  are  both  empty 
or  both  uniformly  loaded,  the  abtitments  receive  the  entire  thrust  and  the 
chords  carry  nothing.  But  if  one  arch  is  loaded  and  the  other  empty, 
then  the  chords  are  strained  to  the  extent  of  one-half  of  the  thrust  from 
the  live  load,  and  the  arrangement  is  such  that  of  this  thrust  one 
half  is  borne  in  tension  by  the  chords  of  the  loaded  arch  and  the  other 
half  in  compression  by  the  chords  of  the  unloaded  arch  ;   the  chords 
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being  so  constructed  as  to  resist  l)otli  tension  and  compression.  In  any 
case  the  pier  sustains  nothing  but  vertical  load.  The  device  is  ingeni- 
ous in  the  extreme  and  weU  worth  careful  study. 

The  reflection  presents  itself  however,  that  possibly  there  may  be 
some  practical  difficulty  in  harmonizing  three  distinct  agents,  ^dz. ,  the 
abutments  in  gravity,  the  lower  chords  of  one  arch  in  compression  and 
of  the  other  in  tension,  so  that  each  will  always  do  exactly  its  allotted 
duty,  for  if  one  does  less,  the  other  must  do  more,  and  thus  be  overbur- 
dened. It  is  somewhat  similar  in  effect  to  a  continuous  bridge  resting 
upon  several  supports,  so  long  as  each  does  its  work  fully  and  fairly,  so 
long  is  the  structure  effective  ;  but  if  one  settles  oi-  in  any  way  shirks  its 
duty,  new,  unexpected  and  dangerous  strains  are  at  once  developed  in 
the  girder.  Another  pertinent  illustration  of  the  difficulties  attending  a 
divided  duty,  is  found  in  the  practice  formerly  so  common  of  uniting  an 
arch  and  a  truss  in  the  same  bridge.  Experience  showed  that  it  was 
impossible  to  harmonize  them — one  did  all  the  work,  and  the  other, 
instead  of  being  a  help,  "^as  really  an  incubus  and  a  nuisance  ;  the  better 
modern  practice  has,  I  believe,  entirely  al)audoned  the  plan. 

Even  assuming  that  it  is  entirely  practicable  to  parcel  out  the  thrust 
of  the  arch,  as  it  is  proposed  to  do,  yet  the  plan  will  not  be  without 
cost ;  inasmuch  as  a  lower  chord  400  feet  long,  to  resist  even  limited 
compression,  must  be  well  and  thoroughly  braced  both  vertically  and 
laterally.  If  it  were  simply  suspended  from  the  arch  as  shown  in  the 
drawing,  it  would  be  as  limber  as  a  whip-lash. 

After  all,  it  is  largely  true  that  in  such  matters  each  particular  locality 
forms  a  law  unto  itself.  A  structure  that  is  admirably  adapted  for  one 
place  may  be  utterly  unsuitable  for  another,  and  he  is  the  best  engineer 
who  best  fits  his  plans  and  designs  to  the  peculiar  demands  which  they 
are  to  serve,  and  who  thoroughly  accomplishes  the  desired  purposes  with 
the  least  expenditure  of  money. 

The  entire  i^aper  is  exceedingly  interesting  and  suggestive.  It  is  a 
bold  and  vigorous  attack  upon  the  labors  and  opinions  of  the  great  ma- 
jority of  modern  bridge  engineers,  and  both  for  the  brilliant  professional 
repute  of  its  author,  and  for  its  own  merits,  it  will  command  and  receive 
earliest  attention. 

Mr.  Thomas  C.  Claeke^ — It  must  be  a  source  of  gratification  to  the 
Society  that  a  member,  so  much  occupied  -n-ith  public  business  as  Cajst. 
Eads,  should  find  time  to  present  such  an  elaborate  paper  as  this. 

During  the  last  seven  or  eight  years  the  laroper  construction  of  iron 
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bridges  has  been  investigated  -svitli  great  ability.  It  will  be  observed, 
however,  that  almost  the  whole  of  this  efibrt  has  been  tlirected  towards 
one  point — elucidating  the  action  of  the  strains  caused  by  a  load  upon 
the  main  trusses  or  girders.  Very  little  attention  has  been  given  to  the 
bridge  as  a  whole — that  is  regarding  it  as  a  complex  piece  of  framing, 
subject  to  impact,  vibration  and  the  swaying  from  side  to  side,  caused 
by  a  rapidly  mo-\ang  train  ;  unless  aU  these  points  are  carefully  attended 
to,  the  bridge  canaaot  be  considered  a  perfect  structure — time  will  develop 
its  defects. 

It  is  with  some  hesitation  that  a  criticism  of  the  plan  here  presented 
is  ventui'ed  upon,  from  this  point  of  view.  Assuming  for  the  present, 
that  the  main  arches  do  what  is  here  claimed  for  them — require  less  ma- 
terial than  any  other  system — yet  it  wiU  be  seen  that  a  platform  merely 
suspended  from  them  will  not  possess  much  lateral  stability,  and  mfist 
sway  from  side  to  side  under  a  raiudly  passing  load.  In  what  is  termed 
a  "through"  bridge,  the  floor  is  held  in  place  not  only  by  its  iron  system 
of  horizontal  bracing,  but  also  by  the  jjosts  and  knee  or  angle  braces 
which  connect  it  with  the  upper  chord.  Horizontal  bracing  alone  will 
not  prevent  lateral  motion,  for  the  lower  chord  being  in  tension  will 
vibrate  like  a  stretched  string.  It  is  necessary  to  connect  the  floor  by 
rigid  angle  bracing  with  the  upper  chord,  which  being  in  compression, 
never  leaves  a  straight  line.  If  tliis  were  done  in  the  bridge  proposed 
by  the  writer,  some  of  the  economy  of  material  claimed  for  it  would  dis- 
appear. 

Moreover,  practice  has  shown  that  a  bowstring  girder  is  the  worst 
l^ossible  form  to  brace  against  horizontal  motion,  on  account  of  the  very 
acute  angle  at  which  the  ends  of  the  arches  meet  the  chords.  Practice 
has  also  shown  that  the  deflections  on  a  bowstring—girder  are  very  great 
at  each  end,  owing  to  the  want  of  height  of  the  truss  at  these  points. 
The  locomotive  seems  to  fall  upon  it  with  a  blow  or  shock  on  lea\T.ng  the 
pier,  instead  of  gliding  on  over  a  curve  gradually  increasing  toward  the 
centre,  as  in  a  parallel  girder. 

In  its  present  shape,  the  bridge  proposed  is  not  weU  suited  for  a 
rapidly  moving  load  ;  it  may  possibly  be  modified,  but  this  ^\•ill  add  mate- 
rial again. 

In  the  next  place,  the  economic  merit  of  this  system  does  not  appear 
to  be  borne  out  by  the  figTires  presented.  The  weight  of  five  double 
track  spans  of  250  feet  each,  in  iron,  is  estimated  at  3,010,300  pounds. 
The  weight  of  five  equally  strong  parallel  girder  spans  would  not  exceed 
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3,300,000  pounds,  and  on  account  of  their  greater  simplicity  of  construc- 
tion, Avould  cost  enough  less  per  ton  to  more  than  compensate  for  the 
difference  in  weight.  If  we  add  to  the  jAan  as  it  now  is,  enough  iron  to 
make  it  laterally  stiff,  the  cost  would  somewhat  exceed  that  of  the  parallel 
girder. 

But  when  we  come  to  consider  the  cpiantity  of  masonry  recpiired  by 
the  two  systems,  we  see  the  great  economy  of  the  laarallel  girder.  The 
masonry  in  these  two  piers  (which,  like  those  under  a  parallel  girder, 
receive  no  pressure  except  a  vertical  one)  is  estimated  at  1,410  cuhic 
yards,  while  those  two  which  receive  the  semi-thrust  of  the  arches 
require  3,630  cubic  yards,  or  more  than  double  as  mu.ch.  It  is  difficult 
to  see  wherein  this  lever-disk  arrangement,  which  by  the  paper  under 
consideration  seems  to  save  half  the  iron  in  the  chords  and  double  the 
afiaount  of  masonry,  is  so  economical. 

Finally,  the  conclusion  to  which  we  arrive  is  this — economy  in 
bridge  construction  is  to  be  attained  by  saving  in  the  cost  of  jiiers  and 
abutments  so  as  to  allow  of  shorter  spans,  rather  than  in  the  cost  of 
iron  in  order  to  build  very  long  spans.  There  are  of  course,  other 
questions  than  those  of  economy  which  come  into  consideration,  such  as 
exceptionally  long  spans  required  in  navigation,  or  because  good  pier 
foundations  cannot  be  obtained,  but  this  is  foreign  to  the  subject  of  the 
paper,  which  challenges  the  parallel  girder  system  on  the  ground  of 
economi/  alone.  We  say  that  the  case  has  not  T)een  proven  ;  because  the 
cost  of  the  piers  and  abutments  which  should  make  u.p  at  least  one-half 
of  the  cost  of  the  whole — -but  which  in  the  case  of  this  system,  would  ab- 
sorb considerably  more  than  one-half — has  been  omitted. 

Mr.  Louis  Nickerson — In  discussing  the  bridge  before  us,  it  would 
be  well  to  examine  somewhat  the  short  review  of  arch  bridges  by  Mr. 
Barlow,  which  has  been  iised  as  a  postulate.  He  therein  claims,  that 
for  certain  reasons,  an  arch  bridge  is  more  economical  than  a  truss 
of  triangular  or  trapezoidal  elements.  I  think  that  this  is  an  error. 
For  even  as  a  theory,  it  is  founded  on  the  assumption  that  the  deflection 
of  a  truss  of  any  kind  is  the  manifest  point,  from  which  the  investiga- 
tion should  be  made.  Now  the  Fink  bridge,  though  rather  more  costly 
in  original  construction,  than  some  other  well-known  forms,  is  one  of 
the  cheapest  as  regards  maintenance,  and  one  of  the  safest  as  regards 
stability,  that  is  used.  Yet  the  Fink  bridge  deflects  more  than  any  other 
known  bridge  ;  I  think  twice  as  much  as  the  Warren  girder  improved  by 
Fink.     But  the  same  cause  which  makes  its  entire  deflection  great — the 
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advance  of  the  stress  towards  the  center,  and  the  iiniform  flexure  of  the 
chord  from  compression — entirely  eliminates  the  reverse  curve  common 
to  other  bridges,  which  it  is  most  onr  duty  as  engineers  to  get  rid  of, 
and  wliich,  so  far  as  my  knowledge  extends,  is  much  worse  iipon  arch 
bridges,  metal  for  metal,  .than  upon  any  other,  It  is  this  jiartial  and 
wave-like  deflection  i^receding  and  following  the  engine  in  its  course, 
which  bi'eaks  the  back  of  the  bridge,  destroys  its  fastenings  and  abut- 
ting surfaces,  and  Avhich  engineers  have  attacked  since  the  substitiition 
of  more  elastic  material  for  stone.  The  design  l^efore  us  really  strives 
against  this,  with  an  eftect  which  Ave  aaIII  attemjit  to  measure  hereafter. 

As  regards  practical  economy,  the  case  seems  to  be  as  f<jllows  : 
place  a  bowstring  bridge  on  piers  and  a  similar  simple  arch  between 
abutments  (their  stiffening  webs  may  be  supposed  equal),  then  if  the 
chord  of  the  l)owstring  costs  more  than  the  extra  abutting  masonry,  the 
oj)en  arch  is  the  cheapest ;  if  the  chord  cost  less,  then  the  open  arch  is 
the  dearest.     This  refers  to  the  amount  of  materials  alone. 

In  constructing  an  ordinary  triangular  or  trapezoidal  truss  liridge,  it 
is  not  necessary  that  the  handicraft  be  very  perfect.  An  error  of  ^^4  -inch 
in  length  is  not  percejitible  in  practice,  and  as  regards  safety  more  may  be 
allowed  with  impunity.  By  bringing  to  l)earing  little  imperfections 
it  will  rather  improve  than  otherwise  di;ring  a  year's  service,  after 
which  they  seem  not  to  exist.  Now,  to  arrive  at  this  (^-inch  costs  hni 
little  per  pound  of  inaterial,  because  it  is  easily  approximated  by  ordinary 
machine  tools,  but  to  finish  with  the  same  i^erfectness  the  abutting  sur- 
faces in  the  long  and  by  itself  flexible  curved  member  and  also  the 
In-acing  members  of  an  arch  bridge,  requires  much  more  care,  and  even 
when  not  carried  to  scrupulous  excess,  involves  a  much  greater  working 
cost  per  pound  ;  whence  a  rectangular  bridge  can  be  built  at  less  first 
cost,  and  aU  things  considered,  with  a  really  more  economical  result  than 
can  an  arch  bridge. 

If  you  were  asked  "  what  is  the  lowest  priced  bridge,  so  far  as  amount 
of  material  is  concerned,  that  can  be  built  ?"  I  think  the  unanimous  an- 
swer Avould  be  "that  rectangular  bridge  which,  with  the  greatest  height 
of  truss  is  least  liable  to  '  buckle  '  the  same  area  of  web  " — the  Whi^jple 
bridge,  and  we  know  (whatever  faults  it  may  have)  the  Whipple  bridge 
is  not  only  cheaper  in  cost,  but,  metal  for  metal,  has  much  less  haunch 
deflection  than  an  arch  bridge.  Arch  bridges,  as  hitherto  constructed, 
can  neither  be  considered  economical  nor  very  rigid. 

Notwithstanding  his  use  of  Mr.   Barlow's  text,   the  author  of  the 
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bridge  before  us  realizes  the  difflcnlty  of  the  reversed  curve  in  the  chord; 
this  is  shown  by  the  fact  that  he  has  made  no  special  attempt  against  the 
bridge  deflection,  but  has  struck  strongly  and  well  against  the  haunch 
deflection,  and  whether  successful  or  not,  he  deserves  our  praise  for  the 
essay.  Fortunately  for  your  patience,  the  best  way  to  arrive  at  the  meas- 
ure of  this  is  the  most  simple  and  expeditious  one. 

First,  in  regard  to  stiffness,  let  us  remember  a  fact  too  often  forgot- 
ten— that  no  system  of  bracing,  however  complicated,  can  have  any 
otlier  influence  upon  the  effects  and  directions  of  the  forces  in  a  girder, 
than  the  most  simple  plan  that  an  engineer  could  imagine.  If  the 
braces  be  removed  from  the  "loup"  girders  of  this  bridge  and  re- 
placed with  plain  plates  of  the  same  resistance,  the  status  of  the  gir- 
ders or  the  bridge  has  not  been  in  the  least  altered.  Take  an  ordinary 
bowstring  bridge  of  the  same  si:)an  and  height— a  similar  bridge^and 
replace  the  web  of  that  with  a  corresponding  plate  ;  we  could  mark 
upon  it  with  chalk  the  exact  saving  of  metal  with  but  little  computa- 
tion,— and  from  this  deduce  the  form  of  the  two  "haunch"  girders. 

Eemember,  that  the  rigidity  or  flexibility  of  a  bridge  does  not  at  all 
depend  upon  its  height  of  truss,  but  on  the  depth  of  ireb  within  the  truss, 
and  as  no  form  of  bracing  within  the  limits  of  a  truss,  however  inge- 
niously conceived,  can  vie  in  depth  with  the  web  that  fills  the  truss, 
therefore  none  can  be  so  stiff.  With  arch  and  bow-string  girders  then — • 
which  are  already  in  faidt  with  respect  to  flexibility — the  change  is  not 
an  improvement. 

Second,  in  regard  to  strength  ; — this  quality  and  that  of  stiffness  are 
fullv  separated  in  the  design.  As  we  have  only  been  called  on  to  treat  of 
one  in  discussing  the  arch  arrangement,  so  we  are  almost  exclusively 
confined  to  the  other  when  we  come  to  examine  the  lower  chords  and 
lever  attachment.  That  the  arrangement  is  highly  ingenious  all  must 
at  once  see,  yet  it  seems  to  me  it  must  fail  from  the  same  cause  that 
several  attempts  of  the  same  kind  have  failed — notably,  the  construction 
of  a  trussed  girder  of  which  the  beam  should  bear  one-half  the  load  and 
the  rods  the  other  portion,  or  with  the  same  idea  the  attempted  com- 
bination of  arch  and  truss. 

For,  supposing  first  only  tensional  chords,  and  that  the  loaded  span 
would  elongate  and  its  arch  move  outwards  against  the  heel  of  the  other, 
as  described  in  the  paper,  the  unloaded  arch  would  then  move  slightly 
inwards,  thereby  being  relatively  weaker  to  resist  thrust  than  before, 
and  an  additional  strain  would  thus  be  thrown  upon  the  chord  of  the 


227 

loaded  truss.  Tlieu  this  must  further  elongate,  the  loaded  arch  spread, 
and  the  unloaded  arch  be  again  forced  inwards,  becoming  still  less 
capable  to  resist  thrust ;  so  repeating  until  llie  securUy  heliifi  sufficienf, 
the  engine  would  cross  the  first  arch,  strike  the  second  and  cause  it  to 
recoil  ^nth  a  jerk  ;  the  same  action  to  be  partially  reversed  upon  the 
other  when  the  load  had  entirely  passed  onwards.  Safety  then  would 
probably  depend  upon  there  being  sufficient  aecnrity  to  allow  the  chords 
to  resist  the  full  horizontal  strain. 

But  supposing  the  chords  capable  for  compression  (and  they  Avould 
then  probably  cost  as  much  ns  full-sized  tensional  chords),  we  must 
remember  the  inequality  between  the  elongation  and  depression  of  ma- 
terial within  elastic  limits,  and  even  at  low  strains,  so  that  to  shorten  one 
chord  a  certain  distance,  and  to  lengtlien  the  other  the  s;imc  distance  (a 
.s//ie  (pia  noil  to  the  attempt),  would  require  very  different  amounts  of 
force  (per  square  inch),  a  fact  at  once  seen  to  be  inadmissible  with  equal 
chords.     Hence,  at  no  moment  could  there  be  a  mutual  assistance. 

In  the  two  cases  mentioned,  the  trussed  girder  and  the  arch  and  truss, 
the  first  was  too  obviously  in  error  to  hold  a  place  in  mechanics  long,  and 
in  regard  to  the  second,  it  has  been  found  necessary  and  more  economi- 
cal, to  make  one  or  the  other  member  sustain  tiie  load,  because  by  no 
combination  would  the  materials  act  together  in  such  unison  as  was  re- 
qiiired.  It  seems  to  me,  with  all  diffidence,  that  in  the  case  before  us, 
either  a  sufficient  chord  or  a  sufficient  abutment  is  necessary  for  safety 
and  economy. 

Mr.  Samuel  H.  Shreve — The  paper  before  the  Society  appears  to 
be  an  acknowledgment  of  "  the  disadvantages  of  the  system  adopted 
for  the  superstructure  of  the  St.  Louis  Bridge,"  which  the  writer  says 
were  forcibly  thrust  upon  his  attention  in  the  progress  of  that  work. 

He  says  of  the  bridge:  "If  the  effects  of  temperature  could  be 
avoided,  and  the  curve  were  a  jjarabola,  an  equally  distributed  load  on 
a  rib  would,  of  course,  be  borne  by  the  upper  and  lower  tubes  equally, 
that  is  half  on  each" — but  the  effects  of  the  temperature  are  inevitable, 
and  consequently  the  above  supposition,  if  correct  (which  it  is  not),  is 
without  value.  He  further  says  :  ' '  This  extension  (from  the  temperature) 
causes  the  crown  to  rise,  which  relieves  the  lower  tube  of  compression  at 
the  abutments,  and  hence  that  tube  does  not  then  support  any  portion  of 
the  weight  of  the  rib  or  the  load.  *  *  At  the  crown,  the  strains  are 
likewise  changed.  There,  however,  the  longer  tube  does  all  the  duty,  as 
the  upward  bending  of  the  rib  relaxes  the  compression  in  the  ujjper  tube 

at  this  point." 
17 
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Supi^ose  the  eroAvn  to  rise,  the  lower  tube  if  reheved  of  compression 
at  the  abutments,  would  not  be  strained  at  any  point.  Bracing  beneath  a 
parabolic  arch  unformly  loaded  can  receive  no  strain  and  is  useless,  and 
if  the  curve  of  the  tube  considered  is  not  a  parabola,  it  is  so  near  it,  that 
the  strains  wliich  are  transferred  by  the  braces  to  the  lower  tube  are  too 
small  to  be  noticed.  The  conclusion  is  unavoidable,  that  the  upper  tube 
at  times  must  bear  the  whole  load,  and  even  more,  for  the  tubes  "are 
rigidly  held  to  the  abutments  by  anchor  bolts,"  and  a  large  extra  amount 
of  strain  is  in  this  manner  brought  upon  the  loaded  tube.  Now  consider 
the  opposite  condition  :  "As  the  ribs  are  formed  for  a  medium  temper- 
ature, contraction  by  cold  reverses  these  strains^ — -the  crown  of  the  arch 
falls,"  and  the  lower  tube  must  just  as  surely  take  the  whole  load  and  the 
upper  one  be  useless.  Suppose  a  still  diflferent  case  ;  when  the  tabes  are 
affected  by  the  temperature,  one  may,  and  probably  does,  expand  or  con- 
tract more  than  the  other,  and  the  condition  is  still  worse. 

The  result  is  simply  this  :  each  tube  must  contain  a  quantity  of  mate- 
rial sufficient  to  resist  the  strains  caused  by  a  full  load,  and  more  (on  ac- 
count of  the  bolting  down  of  the  abutments)  or  be  injuriously  strained. 

This  doubt  as  to  which  members  the  strains  will  affect  should  not 
exist  in  regard  to  any  truss,  and  the  axiom  may  be  laid  down,  that  a  plan 
in  which  such  ambiguity  of  strains  obtains  is  sufficiently  defective  to  be 
rejected  without  further  examination.*  This  complication  may  be  pre- 
vented in  a  simple  manner,  and  the  strains  confined  to  their  respective 
members  which  then  need  not  be  proportioned  to  bear  all  that  can  possi- 
bly come  upon  any  part  of  the  truss. 

Suppose  that  of  a  framed  arch  the  lower  arc  member  at  each  abut- 
ment, and  the  one  of  the  centre  are  removed,  the  structure  will  then  be 
of  the  form  shown  in  the  figure  (next  page),  divided  into  two  parts, 
jointed  together  at  tlie  centre  and  similarly  joined  by  the  same  tube  or 
arc  to  the  abutments.  Expansion  and  contraction  will  not  affect  this 
truss,  and  the  upper  arc  has  its  work  well  defined,  which  work  cannot  be 
added  to  by  any  action  on  the  part  of  the  lower  arc. 

The  horizontal  component  of  the  strain  in  the  upper  arc  is 

^-w  '<^' 

where  w  is  the  maximum  load  uniformly  distributed,  s  the  length  of  the 


*  There  is  no  difficulty  in  calculating  the  strains  in  a  correctly  planned  arch  truss  ;  they 
are  readily  determined  by  simple  mathematical  reasoning  as  in  any  horizontal  truss.  The 
labored  and  uncertain  theory  of  arches  as  applied  to  masonj'y,  has  no  more  bearing  upon 
arched  trusses  than  it  has  upon  a  Howe  truss  or  a  king-post  bridge. 
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span  and  Ti  the  height  of  the  centre  of  the  areli  ahove  the  points  where 
it  is  joined  to  the  abutments. 

The  segments  of  the  lower  are  are  sometimes  subject  to  compression 
and  sometimes  to  tension,  according  to  the  position  of  the  load.  The 
braces  are  needed  only  under  iJartial  loads.  That  the  greatest  tension 
in  the  lower  arc  of  either  segment  is  when  that  segment  alone  is  fully 
loaded,  is  self-evident  ;  to  determine  the  amount  of  strain  and  the 
requisite  quantity  of  material,  some  calculation  is  necessary. 


c 


h 


-^ s 

Let  the  arch  be  loaded  uniformly  (horizontally)  from  A  to  f^,  then 
since  70  represents  the  full  load  of  eqlial  density,  the  weight  borne  by 

the    abutment   B,    or  its  vertical  reaction,    is     ^  •    The  load  upon  A  G 

produces  a  strain  which  must  pass  through   C  nnd  B,  and  which  may 

consequently  be  represented  by  the  strain   line  B  C,   of  which  force  h 

s 
will  represent  the  vertical,  and    ^^    the  horizontal  component.     This  ver- 

ir  s  IV  w  s 

tical  component  is        „.'.//:      .^      •'    s     '    IfW  ' 

10  s 
hence   ..^  ,    is  the  horizontal  conqaoneut  of  the  force  through   f' B,   or 

the  horizontal  reaction  of  the  abutment  B :  it  also  is  evident  that  there 

are  the  same  forces  acting  at  0  as  at  B. 

Take  moments  at  any  point  a,  where  the  l)raees  meet  in  the  upper  arc 

in  the  loaded  part,  distant  ./;  from  the  centre  (\  and  we  olitain  for  the 

longitudinal  strain  in  the  ojjposite  member  of  the  lower  arc,  L  X  'A  ff^' 

being  the  depth  of  the  arc)  =  the  vertical  reaction  at  ('■  y  .r,  which  = 

10  X  w  s 

Q     +  TfiT  X  1/  (the  term  being  the  horizontal  reaction  at  the  same 

"'  x' 
place,    X  ^  the   vertical    distance   of    C  above  tlie   point    a)  —     ,-,- 

(the  load  on  x)  ;  collecting  these  we  have 

?« X        w  s  1/         w  x'  ,„, 

Since  the  curve  is  a  parabola,  ij  may  be  expressed  in  terms  of  x.  thus : 
from   the   properties   of  the  parabola,    x'-  =   2  p  tj,  and  -r-  =    2  p  h 
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s-  4c  h  .c- 

■'■  '^p  =  rh  ■'■  y  =  ^^^  ^''''''''' 

ai  X         w  x^        10  x"^  w  X         to  X' 

^^  '^  =    8     +    4^  ^  "27  '  •  ■  •  ^  =  8  ;/  -  47/  .s"  (3) 

From  this  equation  Ave  eaii   tind  the  strain  in  each  member  of  the 
lower  arc  of  one  segment  when  that  alone  is  loaded.     It  is  seen  that 

S  '«'  s    ' 

when  ./•  =    .   '    L  reaches  its  maximum  value  and  becomes  =  f«T  /• 

For  convenience  in  calculating,  let  d  bear  a  certain  proportion  to  li, 

h 
4 


say  d^^     T  ,  as  this  is  somewhat  near  the  facts  in  the  St.  Louis  Bridge, 


w  s 
and  then  ^  =  ~\^{  (^) 

As  the  loatl  passes  on  and  gradually  covers  the  Avliole  arch,  this  tension 

diminishes  until  when  the  arch  is  fully  loaded,  it  entirely  disappears. 

When  the  arch  is  half  loaded,  as  in  the  ease  sui^j^osed,  the  upper  arc  in 

the  loaded  i)art  is  subject  to  much  less  compression  than  when  it  is 

fully  loaded.     When  one  segment  is  loaded,  the  upper  arc  of  the  other 

is   subject  to  tension  and  the  lower  to  compression  ;   a  glance   at  the 

figure  will  show  that  the  pressure  from  C  in  the  direction  of  B  will  tend 

to  cause  a  bending  upward  of  the  segment   G  B.     Here  again  we  can 

easily  find  the  strain  ;  take  the  moments  around  a  point  distant  x  to  the 

right  of  C,  the  left  segment  being  loaded,  and  we  have  the  same  equation 

w  X       w  s  y 
as  before,  L  d  =^    g-  —  16  /^' 

the  forces  at  C  acting  m  opposite  directions. 

As  the  load  comes  upon  this  segment,  these  strains  gradually  dis- 
appear, and  unlike  the  previous  case,  are  diminished  by  the  weight  of 
the  arch.  The  tension  in  the  upper  arc  can  be  entirely  prevented  by 
giving  sufficient  depth  to  the  arch.  To  do  this  in  the  St.  Louis  Bridge, 
12  feet  will  be  found  to  be  ample  ;  that  is,  a  depth  of  12  feet  in  this  arch 
will  prevent  any  tendency  in  the  unloaded  segment  to  rise  when  the 
other  segment  is  loaded. 

These  investigations  have  been  made  to  obtain  formulae  whereby 
the  quantities  of  material  may  be  compared.  The  cubical  quantity 
of  material  in  any  member  of  a  truss  is  the  area  of  its  cross  section 
multiplied  by  its  length,  and  the  area  of  the  cross  section  varies  directly 
as  the  strain  upon  it,  so  that  if  the  strain  is  multiplied  by  the  length 
of  the  member  supporting  it,  the  product  will  be  all  that  is  needed  for 
the  purposes  of  comparison,  and  a  cpiantity  from  which  th«  weight  may 
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be  clirectly  calculated.  For  compression  members  a  certain  percentage 
to  prevent  buckling  or  bending  must  be  added,  wliicli  generally  may  be 
put  at,  say  25  per  cent. ;  in  tension  members  this  addition  is  unneces- 
sary, and  in  comijarison  no  extra  material  need  be  allowed  for  joints,  as 
this  may  be  assumed  to  be  the  same  in  the  different  cases. 

In  the  centre  arch  of  the  St.  Louis  Bridge,  the  span  is  515  feet,  the 
rise  at  the  centre  51.5  feet,  and  the  length  of  the  arch  in  even  numbers 
is  529  feet,  or  about  2j  per  cent,  longer  than  the  span.  The  horizontal 
component  of  the  strain  throughout  one  arc  or  tube  when  fully  loaded 

.    w  s 

is  n^'    and  bears  about  the  same  proportion  to  the  longitudinal  strain 

that  the  span  does  to  the  length  of  the  tube,  or  the  longitudinal  strain, 

1.025  'ws  ,^. 

multiply  by  the  length  of  the  tube,,!.  025  s,  and  we  have  the  quantity, 

1.0625  w  s^ 
Q  =  -      87.         '  (6) 

next  add  25  per  cent,  for  stifltening,  and 

1.0625  If  s-       1.0625  u>  s'^       5.3125  w  s- 

^  =         8li         +         32A        ==        Wh  ('^^ 

Now,  as  each  tube  of  the  St.  Louis  Bridge  is  liable  to  be  subjected  to 

the  whole  load,  the  quantity  of  material  required  for  the  two  tubes  in 

.,     .                                             5.3125  ws- 
one  rib,  is  Q= ^^^ ,  (8) 

Compare  this  with  the  (quantity  of  material  in  an  ordinary  horizontal 
truss  of  equal  length  and  depth.  The  quantity  in  either  chord  is  repre- 
sented by  the  contents  of  a  parabola,  whose  base  equals  the  length  of  the 
truss,  and  whose  height  is  equal  to  the  strain  at  the  centre  of  the  truss, 

ic  s        2  s         w  s'~ 
^^'  ^  "=  8h  ^^-    T  =  127.:' 

add  the  25  per  cent,  for  the  upper  chord,  and 

5  w  s^ 
.      '^  =  ^8T-'  (9) 

W  S" 

for  the  lower  chord,  Q  =  -.^  ,•  (10) 

Q  2 

Adding  (9)  and  (10),  and  Q  =    ^g  ^  •  (11) 

Comparing  these  quantities  we  find  that  the  chords  of  the  hori- 
zontal truss  require  less  than  57  per  cent,  of  the  material  needed  in  the 
ribs  of  the  arch.     I  do  not  know  how  much  material  the  tubes  contain, 
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but  if  tliey  are  properly  proportioned  to  bear  the  loads,  tliere  must  be 
tliat  difference,  which  will  hold  good  if  the  arch  and  trvass  are  subject  to 
the  same  strain  per  scpiare  inch.  This  enormous  difference  being  con- 
sidered, it  is  hardly  worth  while  to  discuss  the  comparison  of  the  quan- 
tities in  the  braces.  No  argument  further  is  needed  as  to  the  merits  of 
these  two  systems. 

To  compare  the  arch  of  the  St.  Louis  Bridge  with  that  of  the  figure, 
we  have,  in  the  upper  arc  of  the  latter,  the  same  quantity  as  in  one  of 
the  tubes  of  the  foi'mer,  or 

_  5.3125  ws^ 

In  each  segment  of  the  lower  arc  the  strains  vary  as  in  a  horizontal  truss, 

and  are  equal  to  the  contents  of  a  parabola  whose  base  =  ^   and  whose 

«■  .s  70  .s         2         s         w  s'- 

heights  j^-  ^^,  hence  Q  =  ^^^   /  3  of  ^  =  43-;,' 

and  for  two  segments,  Q  ^=   97"^'  v-'^'^) 

add  this  to  the  quantity  for  the  upper  arc,  and 

19.9375  ..  s^- 
^=    ~"96h        '  (^'^^ 

which  is  62  per  cent,  of  the  material  in  the  St.  Louis  arch.  The  hori- 
zontal truss  has  still  the  advantage  even  of  the  arch  properly  constructed; 
the  latter  does  not  need  so  much  material  in  the  braces,  but  the  roadway 
is  to  be  supported,  and  other  expensive  items  added  that  will  probably 
more  than  compensate  for  the  difference. 

The  form  of  arch  which  the  writer  now  recommends  is  certainly  a 
great  advance  upon  his  previous  one,  but  it  is  doubtful  if  it  possesses 
great  advantages  over  an  ordinary  boAvstring.  His  views  in  this  particular 
seem  rather  extreme,  and  will  hardly  be  accepted  by  engineers,  who  are 
likely  to  be  satisfied,  for  the  present  generation  at  least,  \\dth  what  has 
already  been  done  in  the  construction  of  steel  arches. 
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TABLE    I. 

Estimate    of   Weights  and  Quantities  of  Double  Tbaok   Eailroad 

Beidge  of  Two  Spans,  each  400  feet  between  Skew-back 

Pins  ;  with  Levek  Arrangement. 

Weifjbt  of  structure  for  a  main  arch  of  steel — 1.28  tons  per  foot,  and  of  wrought-irou— 1.93 
tons  per  foot.     Live  load — 2..')  tons  per  foot.     Versed  sine — |. 

1st.   MA.IN  ARCH  OF  STEEL.     (Ten  per  cent,  having  been  included  for  weight  of  joints.) 


DESCRIPTION. 


Weights  in  one  span — Maiu  arch... 

Counter  arch 

Main  bracing 

Lower  chord  and  track  stringers- 
Chord  in  centre 

2  outside  chords 

i  track  stringers 

Cross  beams 

Wind  bracing  of  main  arch — 

Struts 

Rods 

Diagonals 

Wind  bracing  of  tracks 

Suspension  rods 

Cross-ties  and  planks 

Rails 

Joint  in  centre 


Steel.     I  ^irof^*    Cast  iron.    Timber. 


Pounds.      Pounds.      Pounds.      Pounds. 


Total . 


Total  weight  of  span  1,032,657  lbs. =1.29  tons  per 

lin.  foot. 
Weights  of  both  spans 

Castings  above  piers 

"  "        abutments 

Ends  of  main  arches 

Levers  and  pins 

3  columns  of  centre  pier 

Wind  bracing 

Lanterns 


4,620 


Total. 


Masonry  (estimated  from  .50  feet  below  superstruc- 
ture)— 2  abutments,  6,506  cubic  yards. 


2d  Main  aroh  of  wrought  iron  : 
Weights  in  one  span 


Total  weight  of  one  span  1,553,027  lbs. 

per  foot. 
Weights  of  both  spans 

Castings  on  i^ins  and  abutments. 

Ends  of  maiu  arches 

Levers  and  pins 

3  columns  of  centre  pier 

Wind  bracing 

Lanterns 


Total. 


Masonry  (estimated  from  50  feet  below  superstruc- 
ture), 2  abutments,  7,386  cubic  yards. 


110,880 
147,.550 

48,720 

84,800 

137,600 

60,523 

20,000 
46,466 
10,000 
27,048 
21,000 


32,000! 


25,440 


1,49.3,174 


14,000 
63,000 
.36,000, 
20,400  i 


141,000 
4,566; 


1,513,174   278,900! 


25,440 


3,041,174     14,000    .50,880 

99,(00 

20,400 


141,000 


4,500 


3,061,174    278,900:    50,880 
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TABLE    II. 


Estimate  of   Weights  and  Quantities   of   Double  Track   Railroad 

Bridge  of  Five  Spans,  each  250  feet,  between  Skew-back 

Pins;  with  Lever  Arrangement. 


Weight  ot  structure  of  main  arch  of  steel — 1  ton  per  foot:  and  oi  wrought  iron — 1.2  toDB 
per  foot.     Live  load— 2.5  tons  per  foot.     Versed  sine — /,. 

1st.  One  Side  Sp.\s.    (Tea  per  cent,  being  allowed  for  joints.) 


Description. 


Main  arch 

Counter  arch 

Main  braces.     Struts 

Rods 

Joints 

Lower  chords  and  stringers 

Cross  beams 

Wind  bracing 

Diagonals   and    wind    bracing    ot 

counter  arch 

Wind  bracing  of  arch.     Stays 

Rods 

Couplings  and  eyeplates  for  rods. . 

Susijeusion  rods 

Bolts  and  nails 

Rails  (tiO  pounds  per  yard) 

Joints  in  centre 


Main  Arch  of  Wrought 

Iron. 


Main  Arch  of  Steel. 


Wrought     Cast 
iron.        iron. 


Tim- 
ber. 


Steel.    ^\'i'o"gbt    Cast 
iron.        iron. 


Tim- 
ber. 


Pounds.    P'uds.    P'nds. 

183,000| 

44,500 • 

24,000' 

29,880 

5,000 

169,2.50 . 

■tl.700 

18.{)U 


2,S,3S0 


P'nds.  Pounds.    P'nds.    P'nds. 

86,000  

44,-540 

2 1.000 

20,880 

5,(U0 

169.250 

41.700 

18  644  ... 


28,380 


-1.000  i. 
6,076!. 
6,992  . 
2.000  . 
6.154  . 
688  . 
21,000  . 


Total 

Total   weight  of   cues   ide  span 
2d. 


.562,924 


6,000 
6.000 


4,000 
6.076 
6,992 
2,000 
6,154 
688 
21,000 


28,380      86,000!      379,924 


0,000j 

6,0001  28,380 


(     597,304  pounds. 
I  —     2,400  pounds  per 

liue,al  foot. 


500.300  pounds. 
^     2,000  pounds  per  lineal  foot. 


;!entre  Span  : 

Total  weights 


533,600       6,000     28.380      86.0110       350,600       6,000     28.380 


Total  weight  of  centre  span....  L^1;«?^  ^^  ^^- ^^r 


471,000  pounds, 
=::    1,884  pounds  per  lineal  foot. 


3d.  Five  Spans  : 

Centre  span i     533,600 


6,000     28  380;     86,000 


4  side  spans 
Castings  on  top  of  piers  and  abut- 
ments   

Ends  of  main  arches 

Levers,  pins  and  connecting  rods. 
Lanterns 


Total. 


2,251,700     24,000  113,520  ''  344,000 


12,000 
2.797,300 


150,000 
30,000 


350,600   6,000j  28.380 


1,402,400 


24,000  113,520 


150,900! 
30,000' 


6,000! 


213,0001  141,900    436,000    1,753,000  213.000  141.900 


Masonry   (estimated  from   50  feet 
below  superstructure.) 

2  Abutments 4,910  cubic  yards. 

2  Piers 3,630 

2  Piers 1.410 

Total 9,950  cubic  yards. 


ft.B.M 

=37,300 


ft.B.M. 
;:37,300 


4,636  cubic  yards. 
3,630       •• 
1.460 

9,726  cubic  yards. 


*  Tht^  centre  span  is  not  a  bowstring  girder  with  chord,  but  purely  an  arch  ;  the  thrust 
of  which  is  received  by  the  iiiers  between  which  it  is  iilaced.  Hence  it  is  lighter  than  the 
other  spans. 
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RATES  PAID 


FOR    LABOR     OF    VARIOUS     KINDS 


In-  1873  AND  1874. 


For  the  purpose  of  comparing  tlie  prices  ijaid  for  labor  at  different 
IDoints  in  this  country  and  abroad,  a  circular  of  enquiry  was  sent  May 
15th  last  to  members  of  tlie  American  Society  of  Civil  Engineers  and 
others.  From  replies  received  ui>  to  August  22d  last,  the  annexed 
schedules  were  prepared  :  most  of  the  rates  given  for  1874,  however, 
refer  to  the  first  five  months  of  the  year. 

An  examination  of  the  prices  reported,  with  reference  to  rates  of  -pny 
for  common  labor  shows  that  of  the  63  cases  at  j)oints  in  this  country 
and  Canada  where  laborer's  wages  for  both  1873  and  1874  were 
quoted,  in  41  there  were  reductions  in  prices  in  1874  as  compared  with 
1873,  in  22  there  was  no  change  and  in  no  case  was  the  i)rice  increased. 
Taking  into  account  the  localities  where  there  was  a  change  in  price, 
the  aggregate  reduction  was  16.6  per  cent.,  and  including  the  others 
where  there  was  no  change,  it  was  10.8  per  cent. 

Any  who  are  interested  in  the  matter  may  refer  to  a  table  given  in 
the  "First  Annual  Report  of  the  Board  of  Commissioners  of  the  De- 
partment of  Pulilic  Parks"  (New  York),  j)ages  127,  128,  sho-sving  the 
rates  of  pay  per  day  for  different  kinds  of  labor  on  New  York  Parks, 
from  November  1st,  1857,  to  April  1st,  1871. 

The  compilers  of  this  paper  desire  here  to  thank  the  gentlemen  who, 
by  reply  to  the  circulars  sent  out,  contrilDuted  the  necessary  data. 

New  York,  Sei^tember,  1874. 

,  John  Bogakt, 

Ct.  Levekich. 
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RATES  PAID  PER  HOUR  FOR  COMMON  LAHOR  IN  1874. 


Cents.  Where  Paid. 

27.5  Philadelphia  (Navy  Yard),  Pa. 

25.  Newport  (Fort  Adams),  B.  I.  and  New  York  City  (Docks  and  Parks). 

25. — 17.5  Phceuixville  (Erecting  Bridges),  Pa. 

20.  Cambridge,  Mass.,  Hartford,  Conn.,  and  Salt  River  Bridge,  Ky. 

17.5  Manchester  (Water  Works),  N.   H.,   Boston,  >Jorthampton,  llussell  and  Holyoke, 

Mass.,  New  York  City  (Fourth  Avenue  Improvement),  Astoria  and  Wateriord 
(Canals),  N.  Y.,  Hazleton  and  Wilkes-Barre,  Pa.  and  St.  Anthony  Falls,  Mo. 

17.5—15.  Brooklyn  and  Elmira,  N.  Y.,  Cincinnati  (Railroad),  Ohio  and  Evansville,  Ind. 

1G.7  Providence,  R.  I. 

1G.2  Troy,  N.  Y. 

15.  Fall  River,  Mass.,  Middletown  and  New  Haven  (Railroad),  Conn.,  Brooklyn  (Water 

Works  Reservoir)  and  Buffalo  (Water  Works),  N.  Y.,  Springtown,  N.  J.,  Philadel- 
phia, Pittsburgh  (Water  Works  Reservoir)  and  Orbisonia,  Pa.,  Baltimore,  Md., 
Cincinnati,  Columbus  (Railroad)  and  Ashtabula  (Harbor  Work),  Ohio,  Chicago,  111., 
St.  Louis,  Mo.,  Nashville,  Tenn.  and  Ottawa,  Can. 

15. — 14.     Houston,  Texas. 

15. — 13.     Lawrence,  Mass. 

15. — 12.5  Cleveland  (Railroad)  Ohio,  Krie  (Railroad),  Pa.,  Milwaukee,  Wis.  and  Louisville 
(Water  Works),  Ky. 

14.  Louisville  (Bridge  and  Irou  Work),  Ky. 

14. — 12.5  La  Cross  (Railroad),  Wis. 

13.8  Rochester  (Water  Works),  N.  Y.  and  Frederlckton,  N.  B. 

13.(5  Lowell  (Laying  Pipe),  Mass. 

13.5  Patersou,  N.  .J. 

13.1 — 11.9  Grand  Trunk  R.  R.,  in  Maine,  New  Hampshire,  Vermontand  Michigan. 

12.5  Red  Bank,  N.  J,,  Washington,  1).  C  and  Atchison,  Kan. 

12.5—10.  Baltimore  and  Annapolis  (Railroad  and  City  Work),  Md. 

12.  Loui.sville  (Railroad),  Ky. 

10.6— !). 5  Grand  Trunk  R.  R.  in  Canada. 

10.  Nashville  (Railroad),  Tenn. 

9.8—8.1     Liverton  (Mines),  England. 

9.1  Glenwood,  Va. 

7.5  Montgomery,  Ala. 


LOCALITY. 

>> 

a 

s 

a 

Foreman. 

Assistant 
Foreman. 

Laborer. 

Double  Team 

Wagon  and 

Driver. 

Horse,  Cart 
and  Driver. 

Blacksmith. 

Blacksmith's 
Helper. 

Carpenter . 

Rock-Man. 

Blaster 

Stone-Mason 

Stone-Ciitter 

Brick-Mason 
or  Layer. 

Skilled 
Laborer. 

if 

1873. 

1874. 

1873. 

1874. 

1873. 

1874. 

$1  75 

1  75 

2  00 

1  50 
1  30 
1  50 

1  50 

1  75 

1  67 

2  00 
2  00 
1  50 

1  50 

2  00 

2  00 
dl  75 

1878. 

$6  00 
B  00 
6  00 

1874. 

1873. 

1874. 

1873. 

1874. 

1873. 

$2  25 
2  50 

1874. 

1873. 

1874. 

1873. 

1874. 

1873. 

*2  25 
2  50 

1874. 

1873. 

1874. 

$2  25 
3  00 

3  00 

4  00 

1873. 

$2  ,50 

a  4  00 
6  00 
5  00 

1874. 

1873. 

$3  00 

4  50 

5  01 

1874. 

1873. 

1874. 

$2  2r 

2  60 

3  60 

4  00 

Manchester  N.  H..  Water  Works. 

10 

10 
10 

11 

10 

111 
111 

10 

8 
10 
10 
10 

8 

8 
10 

10 

10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 

$3  50 
i  50 
3  00 
i  00 

3  00 
5  00 

3  00 

4  00 

4  00 

4  00 

5  00 
d3  85 

3  25 

4  00 

2  00 
4  00 
4  50 

d3  85 

io  00 
0  00 

4  00 

5  00 

3  00 
3  50 

d3  85 
5  00 
fi  00 

3  00 

$3  50 
4  50 

3  to 

4  00 

3  00 

5  00 
3  00 

3  00 

3  50 

4  00 

4  00 

5  00 
d3  85 

3  25 

3  00 

1  88 

4  00 
4  75 
4  50 

d3  27 

3  00 

4  00 

2  50 

3  00 

d3  27 

3  00 

$2  60 
2  60 
2  25 
2  50 
2  00 

2  50 

3  00 
3  00 

2  50 

3  00 
2  50 
1  80 

$2  50 
2  50 
2  25 
2  2.) 
2  00 

2  25 

3  00 

2  50 

3  00 
2  00 
1  75 

$1  75 
2  00 
2  00 

1  75 

1  30 
1  50 

1  75 

2  00 

1  67 

2  00 
2  00 
2  00 

1  75 

2  50 

2  00 
dl  85 

1  75 

1  75 

1  75 
1  75 
1  75 
1  62 

1  50 

2  00 

2  00 
2  00 
2  00 

1  75 

2  00 
1  75 
1  60 

1  50 

2  20 

1  50 

1  75 

2  00 

1  75 
1  75 

1  75 

2  (0 
2  50 

$5  00 
G  50 
6  00 

$3  25 
3  00 

$3  25 
3  00 

$2  25 
2  26 

$2  76 

3  00 
3  00 

$2  76 

2  50 

3  00 

$1  75 
2  00 

2  25 

tl  75 
2  00 

2  25 

$2  25 
2  60 

$2  25 
3  00 

3  00 

4  00 

$2  50 

4  00 

5  00 

S3  00 

4  SO 

5  00 

$2  25 

2  50 

3  60 

4  00 

$4  00 
3  00 

$3  60 
3  00 

1* 

Cambridge.        **  

Lowell,               •'  Laying  Pipe... 
Lawrence,          '■     

2 
bli 

1 

2  50 

2  50 

3  50 

3  60 
3  00 
3  50 

2  75 

3  00 

3  00 

4  00 

2  50 

3  25 

3  50 

4  00 

2  60 

3  75 

2  25 

2  60 

3  00 

3  50 

3  00 

3  50 
2  75 

2  50 

3  00 

4  00 

2  50 

3  00 

2  00 

3  50 

6  00 

5  00 

6  00 

4  50 

6  00 
6  00 
6  00 

6  00 

5  00 

6  00 

4  50 

6  00 
6  00 

5  00 

4  00 

3  00 

3  50 

4  00 

3  00 

4  00 
3  50 
i  00 
3  00 

4  00 

3  00 

3  25 

4  00 

3  00 

4  00 
3  50 
3  25 
3  00 

1  76 

2  26 

2  50 

2  17 

2  00 
2  00 
2  25 

1  75 

2  50 

2  00 

2  25 

2  00 
2  25 

2  00 

1  75 

2  25 
2  50 
2  17 
2  00 
2  00 
1  75 

1  62 

2  50 

2  00 
2  00 

1  75 

2  75 

3  50 

3  50 

2  75 

3  25 

4  00 
3  00 
3  00 

3  00 

4  Oil 

3  25 

4  50 

3  00 
3  60 

2  75 
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Granite  t;4.00,  brown  stone  $5.00. 


1).  For  night  or  Sunday  work.  c.  For  night  work,  one  for  day  work. 

f.  2  one-horse  carts  and  one  driver,  $5.00.  g.  30  cents  per 


d .  Computed  from  wages 
foot.  h.  17  to  18  cents 


paid  monthly,  at  26  days  to  the  montli. 
per  foot.  i.  On  the  towers. 


For  powder,  nitro-glycerine  $4.00. 


Little  Kock,  Ark.,  Bridge  Work 
Ottawa,  CauaUa 
i.ii'and  Trunk  li.H, 


b.  For  night  or  Sunday  work.         a.  Computea  from  wages  paid  monthly,  at  26  days  to  the  mouth.         j.  Based  upon  rates  paid  per  day  of  8  hours.         1.  li  for  day  and  IJ  lor  uight-work.         k.  Except  night  and  Sunday  work. 
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Mr.  Squire  "Whipple.* — With  regard  to  tliis  interesting  paper  of 
Capt.  Eads,  I  desire  to  make  the  followiug  remarks  : 

After  recounting  certain  obstacles  from  the  effects  of  temperature 
upon  the  arches  of  the  St.  Louis  Bridge,  and  the  means  employed 
to  obviate  them,  Avhich  I  pass  over  for  the  present,  the  writer  quotes 
Mr.  Peter  W.  Barlow,  to  show  that  four  times  the  amount  of  material 
required  by  an  arch  with  fixed  ends,  to  support  a  given  load  with  a 
(fiven  deflection,  would  be  required  by  a  truss  or  girder.  In  a  general 
point  of  view  this  conclusion  seems  to  be  essentially  correct,  and  if  in 
bridge  structures  the  ulmotit  rigidity  were  indispensable,  or  of  parifmount 
importance,  this  fact  would  be  highly  .significant.  But  as  the  deflection 
due  to  elasticity  of  materials  in  a  well  arranged  and  well  proportioned 
truss,  under  any  degree  of  strain  consistent  with  due  regard  to  security 
from  breakage,  cannot  be  regarded  as  essentially  detrimental  to  the  value 
and  utility  of  the  structure,  I  conclude  that  the  same  factor  of  safety 
may  properly  be  used  for  the  same  materials  placed  in  a  truss  (notwith- 
standing its  greater  deflection)  as  for  those  in  an  arch  with  fixed  ends. 
I  am  not  aware  of  any  pi'actice  where  the  amount  of  material  has  been 
doubled,  or  essentially  increased,  merely  for  diminishing  deflection,  and 
I  presume  the  waiter  would  not  recommend  it.  Therefore,  when  we 
concede  to  the  arch  without  chord,  whatever  advantage  may  be  gained 
by  the  substitution  in  place  of  the  chord  of  other  available  means  for 
resisting  the  horizontal  thrust  of  the  arch,  we  grant  all  that  can  be 
reasonably  claimed  for  it,  especially  in  view  of  the  fact  that  the  deflec- 
tion due  to  change  of  temperature,  in  the  arch  with  fixed  ends,  is  con- 
siderably greater  than  what  results  from  elasticity  in  any  ordinaiy  truss. 
Between  extremes  of  temperature  the  St.  Louis  arches  must  rise  and  fall 
over  one  foot  in  addition  to  what,  under  the  i^assa^e  of  loads,  is  due  to 
elasticity. 

The  chord  of  an  arch  truss  counterbraced  between  arch  and  chord  by 
uprights  and  diagonals,  resists  about  39  per  cent,  of  the  strain  upon  the 
W'hole  material  of  the  truss  ;  this  is  as  estimated  for  a  100-foot  .truss,  and 
is  probably  somewhat  less  in  case  of  greater  spans,  requiring  more 
material  in  the  web  system.  Could  this  39  per  cent,  of  material  all  be 
dispensed  with,  it  would  be  an  immense  saving.  But  in  case  of  unequal 
load  the  diagonals  of  the  web  system  act  (or  should  act)  horizontally 
upon  the  chord,  and  hence  the  whole  chord  can  not  be  done  without. 


*  Presented  October  10th,  1874,  in  continuation   of  the   discussion  on  "  Upright  Arched 
Bridges." 
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even  though  the  arch  thrust  be  sustained  by  abutments  under  uniform 
load.  I  will  assume  one  quarter  of  the  usual  chord  section  (whether 
used  as  chord  or  as  "  counter-arches"  in  the  manner  proposed  by  Capt. 
Eads)  is  required  to  act  against  diagonals  in  the  web  system,  leaving, 
say  30  per  cent,  of  the  bowstring  truss  as  ordinarily  constructed,  to  be 
saved  by  other  means  provided  to  sustain  the  horizontal  thrust  of  the 
arch. 

With  wooden  arches,  not  materially  affected  by  change  of  tempera- 
ture, it  could  seem  then  that  something  like  this  quantity  of  ^/v/ss  material 
could  be  saved  by  abutments  so  arranged  as  to  sustain  the  arch  thrust. 
This  principle  is  made  available  in  the  "Burr"  bridge,  which  has  been 
extensively  adopted,  and  for  light  traffic  may  be  classed  as  among  the 
best  wooden  bridges  hitherto  put  in  use.  The  small  amount  of  mo^dng 
load  to  which  this  bridge  is  usually  subjected  upon  common  roads,  pro- 
duces no  .sensible  disturbance  in  the  balance  of  thrust  of  opposite  arches 
against  the  same  pier,  and  if  the  abutments  are  substantial,  and  the 
timber  weU  enclosed,  the  structure  will  endure  for  a  great  length  of 
time.  It  is  believed,  however,  that  if  the  bridge  were  counterbraced 
between  arch  and  chord,  in  the  manner  of  the  "  Whijiple  "  iron  arch 
truss,  with  chord  only  siifficient  to  withstand  the  action  of  diagonals,  a 
better  result  might  be  obtained  than  on  the  genuine  "Burr  "  i^lan.  But 
I  do  not  propose  to  discuss  the  subject  of  wooden  bridges  at  present. 

The  expansion  and  contraction  of  metals  attending  changes  of  tem- 
perature, seriously  disturb  the  concert  of  action  between  the  counter- 
bracing  system  and  the  metallic  arch  with  stationary  ends,  and  hence 
the  ingenious  devices  of  Capt.  Eads  described  in  this  paper  intended  to 
make  the  theoretical  economy  of  chordless  arches  available  in  connection 
mth  the  use  of  metallic  arches. 

From  preceding  considerations  it  seems  reasonable  to  conclude  that 
some  30  per  cent,  of  the  truss  material  of  wooden  arches  can  be  saved  by 
resisting  the  arclj  thrust  externally,  and  the  same  may  be  done  with 
metallic  arches  if  the  effects  of  change  of  temiierature  are  removed  with- 
out incurring  counterbalancing  disadvantages. 

To  prevent  the  disturbance  of  the  web  or  stiffening  system  from  the 
effects  of  rising  and  falling  of  the  arch  due  to  change  of  temperature, 
the  writer  jjroposes  (the  abutments  being  made  sufficient  to  resist  the 
end  thrust,  and  the  piers  to  sustain  the  weight  of  structure  and  load) 
that  the  arch  be  reduced  to  the  condition  of  a  pair  of  trussed  rafters  in 
the  form  of  the   "  Saltash "  truss,  composed  of  erect   and  inverted  or 


237 

••  '-ounter'"  arches,  and  connected  by  a  web  system  of  struts  and  diagon- 
als, or  of  thrust  and  tension  obliques,  between  erect  and  counter  arches, 
the  rafters  being  jointed  at  the  centre  and  ends  of  the  span,  so  the  latter 
may  remain  stationary  while  the  centre  rises  and  falls  with  change  of 
temperature.  Then  to  enable  the  light  piers  to  maintain  their  posi- 
tions under  the  thrust  of  a  loaded  arch  against  the  less  thrust  of  an 
unloaded  one  upon  the  o})posite  side,  it  is  proposed  to  introduce  wijoden 
thrust  cords  under  the  several  arches,  from  pier  to  pier. 

This  device  certainly  appears  feasible,  but  it  must  necessarily  a])sorb 
a  eonsidei'able  part  of  the  saving  of  metal  in  the  chord,  and  the  c*ombina- 
tion  of  materials  is  somewhat  incongruous.  Estimating  this  timber  work 
and  its  maintenance  to  cost  one-quarter  as  nnieh  as  a  full  tension  chord 
of  iron,  the  apparent  saving  is  reduced  to  alxiut  2(1  per  cent,  ol'  the  cost 
of  the  arch  truss  with  an  iron  chord  complete.  But  as  theoretically  the 
iirch  truss  requires  from  12  to  17  per  cent,  more  material  than  the  best 
tv"i5es  of  trapezoidal  and  parallel  chord  trusses,  there  can  be  only  3  to 
8  per  cent,  saved  by  substituting  the  metallic  arch  with  wooden  instead 
of  full-sized  iron  tie  chords  for  the  parallel  chord  truss,  and  this  is  to  be 
set  against  the  extra  cost  of  abutments,  strong  enough  to  resist  the 
horizontal  arch-thrust. 

As  an  alternative  to  the  use  of  the  wooden  strut  chords  for  the  same 
object,  Captain  Eads  describes  an  ingenious  arrangement  of  lever  discs 
in  the  skew-back  block,  with  small  thrust  and  tension  chords,  whereby 
only  one  quarter  of  the  thrust  of  the  arch  (in  case  the  live  and  dead 
loads  are  equal)  is  to  be  sustained  by  the  iron  chord.  But  this  small 
chord  must  be  so  constructed  as  to  act  both  by  tension  and  compression 
alternately,  and  secured  in  line  at  short  intervals,  to  prevent  buckling 
under  compression  ;  hence  it  necessarily  will  be  more  expense  than  a 
simple  tension  chord  of  the  same  cajpacity. 

Furthermore,  there  must  be  more  or  less  uncertainty  as  to  balance  of 
action  on  these  disc  levers,  the  whole  diameter  of  the  disc  representing 
that  of  the  centre  pin,  while  the  other  pins  must  have  large  diameters, 
as  compared  with  the  length  of  leverage.     To  illustrate  ;  if  a  b  be  the 

disc  and  c  (/  the  pins,  while  the  forces  act 
3iJ"""^>V-— -Qc     ^v  in  the  direction  of  the  arrows,  the  contrac- 

ZL I ^jHRus-T^     ^JQj-^  q£  chords  causes  the  disc  to  revolve, 

V    ^  A /j-^        .,     so  that  the  bearing  at  a  is  transferred  more 

N.  ^/       TENSION 

or  less  downward,  and  that  upon  the  pins 

c  and  d  ui)ward,  thus  shortening  the  lower  and  lengthening  the  upper 
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arm,  whereby  the  tensiou  actiug  upon  the  lower  pin  ruust  exceed  the 
thrust  upon  the  u^jper  one,  possibly  to  a  considerable  extent,  and  when 
the  chords  expand  this  will  be  reversed. 

Under  all  these  conditions  and  liabilities,  it  is  not  unreasonaV)le  to 
assume  that  the  chord  service  under  this  arrangement  would  cost  one- 
half  as  much  as  a  simple  tie  chord  to  sustain  the  Avhole  horizontal  thrust 
of  the  arch.  But  taking  it  at  only  one-third  of  the  89  -p^r  cent.,  being 
13  per  cent,  of  the  whole  material  of  the  complete  bowstring  truss,  in 
addition  to  the  [)  per  cent,  before  assumed  for  chord  or  counter  arch,  to 
withstand  the  action  of  diagonals  in  the  web  system  we  have  only  17  per 
cent,  of  the  truss  material  of  the  bowstring  truss  saved  by  this  arrange- 
ment, which  is  but  a  trifle,  if  any  more,  than  the  th'eoretical  advantage 
of  the  parallel  chord  over  the  counterbraced  bowstring  truss,  and  the 
extra  cost  of  abutments  required  to  withstand  the  horizontal  thrust  is 
yet  to  be  accounted  for  in  the  comparison. 

On  the  whole,  therefore,  according  to  these  cursory  general  obser- 
vations, it  is  not  very  clear  that  there  is  any  great  economy  in  the  substi- 
tution of  the  arch  plan  with  Capt.  Eads'  truly  ingenious  devices  for 
saving  chord  material  and  obviating  the  effects  of  change  of  temperature, 
for  the  excellent  parallel  chord  truss  as  constructed  by  many  skillful 
builders  at  the  present  day.  Where  the  amount  of  action  (that  is  the 
stress  multiplied  by  the  length  of  the  several  members)  is  so  nearly 
balanced  in  different  plans,  greater  facility  of  manufacture  and  erection 
may  decide  in  favor  of  either  plan.  Should  the  practical  test  of  Capt. 
Eads'  views  i^rove  more  favorable  than  appears  from  the  above  consider- 
ations, all  will  feel  rejoiced  thereat.  If  there  is  a  chance  for  greater 
economy  in  the  construction  of  bridges  than  has  yet  been  realized  in 
Ijractice,  it  is  highly  important,  in  these  times  of  universal  locomotion, 
that  the  fact  be  recognized  and  the  advantages  made  publicly  avail- 
aljle. 

The  estimates  for  material  reipiired  in  the  proposed  plans,  as  pre- 
sented in  the  paper  under  consideration,  appear  decidedly  low,  and  if 
sustained  in  the  practical  test,  the  most  satisfactory  results  may  be  hoped 
for.  I  shall  await  further  developments  in  the  premises,  A\T.th  much  inter- 
est, if  not  with  very  sanguine  expectation  of  any  decided  revolution  in 
the  practice  of  britlge  construction. 
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I. — Mode  of  Setting  and  Adjusting  the  Skew-backs. — The  bed- 
plates upon  -wliieli  the  skew-backs  were  to  rest  were  bedded  into  the 
masonry  (hiring  the  bnihling  of  the  piers  and  abutments.  Great  care  was 
taken  to  get  them  into  proper  position,  but  it  was  found  practically  im- 
possible, under  the  circumstances,  to  adjust  them  with  perfect  accuracy. 
A  more  accurate  adjustment  was  therefore  delayed  until  the  skew-backs  and 
their  connected  tiibes  (first  tubes  of  the  arches)  were  in  place.  After  these 
were  hoisted  into  position  iijjon  the  bed-plates  and  anchor  bolts  and 
firmly  screwed  down  to  the  bed-jilates,  the  following  measurements  and 
observations  were  made  to  ascertain  the  amount  and  direction  of  varia- 
tion from  correct  position.  1st.  The  angular  inclination  of  the  skew- 
back  tubes  in  a  vertical  direction  was  determined.  2d.  The  direction 
of  the  centre  line  of  these  tu])es  in  reference  to  the  centre  of  their  oppos- 
ing skew-backs  (at  other  side  of  the  span)  or  their  horizontal  deflection. 
3d.  A  line  was  di'awn  through  the  pin-holes  at  extremities  of  the  four 
tubes  composing  the  upper  or  the  lower  set  of  skew-back  tubes,  to  deter- 
mine the  variation  in  the  resultant  lengths  of  these  tubes,  due  to  variation 
in  thickness  of  skew-backs  or  projection  of  the  bed-plates.  4th.  The 
A'ertical  distances  between  the  pins  in  the  upper  and  lower  set  of  skew- 
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backs,  which  governed  the  depth  of  tlie  arch  rib.  5th.  The  horizoutal 
distances  between  the  centres  of  the  skew-l)aeks.  fith.  The  level  of  the 
centre  line  of  each  pin-hole  at  extremities  of  the  skew-back  tubes.  In 
addition  to  these,  as  additional  checks  upon  the  correctness  of  the  adjust- 
ment, the  distances  of  the  pins  in  the  uj^per  skew-liacks  from  the  pins 
in  the  extremities  of  the  lower  skew-back  tubes — the  length  of  first  main 
braces — were  taken  ;  also  the  vertical  and  horizontal  distances  between 
the  centres  of  the  pin-holes  at  extremities  of  the  skew-back  tubes. 

From  these  dimensions  and  observations,  the  amount  and  direction  of 
the  changes  necessary  to  bring  each  skew-back  and  its  connected  tube  into 
correcl:  position  were  determined.  The  changes  necessary  to  correct  the 
errors  shown  by  the  4th  measitrement  were  made  by  cutting  out  the  holes 
through  which  the  anchor  bolts  pass,  and  allowing  the  higher  skew-back 
to  drop  the  proper  amount.  The  angular  changes  needed  to  correct  both 
horizontal  and  vertical  deviations  were  made  by  inserting  between  the 
skcAV-back  and  its  bed-plate  angular  plates,  made  of  an  increased  thick- 
ness under  those  skew-backs  which  did  not  project  as  far  as  the  others  of 
the  same  set. 

These  adjustments  necessarily  required  much  time  and  care,  but  con- 
sidering their  great  importance  as  bearing  upon  the  correctness  of  the 
several  arch  ribs  whicli  spring  from  these  skew-backs,  the  time  was  well 
spent.  After  these  changes  were  made,  the  above  measurements  were 
again  repeated  to  determine  the  correctness  of  the  adjiistment,  and  where 
they  were  found  not  perfectly  satisfactory,  there  was  further  adjustment. 

II. — Insektion  of  the  Centkal  Tubes. — To  make  clear  the  difficulties 
to  be  overcome  in  inserting  the  central  or  "key-stone"  tubes  of  an  arch 
of  the  size  and  character  of  those  of  this  bridge,  it  will  be  necessary  to 
describe  briefly  the  arches,  the  method  of  connecting  the  tubes,  and  such 
other  conditions,  as  influenced  the  operation  of  uniting  the  semi-arches 
into  one  complete  arch  by  entering  and  connecting  the  central  tubes. 

1st.  Each  span  is  composed  of  four  arched  ribs  spaced  respectively 
16^,  12  and  16^  feet  apart  from  centre  to  centre  (Figs.  3  and  4).  Each  of 
these  ribs  is  composed  of  two  lines  of  tubes  (called  the  upper  and  lower 
member  according  to  their  position),  spaced  12  feet  apart  between  centres 
of  the  tubes.  The  several  tubes  are  about  12  feet  long.  The  upper  and 
lower  members  of  each  rib  are  connected  together  by  a  system  of  trian- 
gTilar  bracing.  The  first  or  skew-l)ack  tubes  of  each  member  are  rigidly 
fastened  (screwed  into)  the  large  wrought-iron  skew-backs,  which  in  turn 
rest  upon  the  bed-plates  set  into  the  masonry ;  the  whole  being  firmly 
anchored  to  the  piers  or  abutments  by  large  steel  anchor  bolts.     The 
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.several  t-ubi's  t'drmiiii;-  one  line  ov  member  are  rigidly  eoiineet(Ml  at  their 
ends  by  grooved  conpliugs  (Fig.  5),  carefiilly  fitted  to  grooves  cut  on 
the  ends  of  the  tubes.  The  eouiDlings  are  made  in  halves  wdth  flanges  for 
bolting  them  together.  Through  the  centre  of  each  coupling  and  the 
ends  of  the  tubes  passes  a  taper  pin-hole  for  the  steel  pin,  ujDon  which  the 
braces  and  cross-stays  are  attached.  All  joints  were  made  as  nearly  per- 
fect as  the  best  mechanical  appliances  would  permit. 

■2d.  The  tube  being  erected,  was  hoisted  into  its  j^lace,  and  the  end 
to  be  connected  brought  into  exact  abutting  condition  with  the  end  of 
the  tub(^  already  in  position.  The  half  coupling  containing  the  larger 
pin-hole  (the  pin  being  taper  as  before  mentioned)  was  then  forced  njion 
the  grooves  of  the  tubes ;  the  pin  was  entered  bnt  not  driven  home — the 
remaining  half  coupling  was  pnt  in  place  ;  then  the  (Coupling  halves 
were  drawn  together  by  their  bolts  and  blows  of  mauls,  until  they  came 
to  a  solid  bearing  ui^on  the  grooves  of  the  tubes  ;  this  being  readily  de- 
termined, in  case  of  doubt,  by  removing  the  pin  and  examining  the 
joints  of  the  grooves.  Before  the  couplings  were  very  tight  upon  the 
grooves,  the  pin  Avas  driven  into  its  position  to  draw  the  tubes  into  cor- 
rect line  circumferentially.  The  tubes  of  the  lower  members  were  always 
connected  first,  and  afterwards  the  tubes  of  the  upper  members.  Af- 
ter the  lower  and  upper  tubes  of  one  section  were  in  position,  the  main 
braces  of  the  preceding  section  were  put  on.  In  order  to  get  these  over 
the  pins  it  was  necessary  to  force  the  members  apart  by  jacks,  or  draw 
them  together  with  tackle,  according  to  the  inclination  of  the  braces — 
those  inclining  from  the  lower  pins  towards  the  pier  of  that  half  span  re- 
quiring the  tackle,  and  those  towards  the  centre  of  the  span,  the  jack. 

In  order,  therefore,  to  connect  a  new  tube  to  those  already  in  position, 
it  was  essential  that  the  faces  of  the  two  tubes  should  abut  accurately  on 
all  sides  and  the  pin-holes  be  in  correct  corresiiondeuc^.  This  was  com- 
paratively a  simple  operation  when  only  one  end  of  a  tube  was  to  be  con- 
nected ;  but  when  it  became  necessary  to  connect  a  single  tube  at  both 
ends,— as  would  be  the  case  when  the  central  tiibe  was  to  be  connected  to 
the  projecting  ends  of  the  tubes  of  two  opposing  semi-ribs — the  difficul- 
ties became  much  greater. 

3d.  The  method  of  sustaining  the  semi-ribs  during  their  erection 
was  that  of  suspending  them  from  cables  leading  from  temporary  piers 
or  towers  on  the  i^ermanent  piers  of  the  bridge,  as  designed  by  Col. 
Henry  Flad,  of  St.  Louis.*    A  cable  was  attached  to  the  ribs  at  every 


*See  "Description  of  the  proposed  Plan  for  Erecting  the  Superstructure  of  the  Illinois 
and  St.  Louis  Bridge,"  by  Walter  Katte,  C.  E.     Transactions  XLVII. 
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third  joint  of  the  span.  These  cables  took  their  names  from  the  num- 
ber of  the  joint  to  which  they  were  attached,  counting  from  each  end  of 
the  span  : — as  cables  No.  3,  No.  6,  No.  9,  No.  12  (main  cables),  No.  15  and 
No.  18.  At  no  time  were  more  than  three  cables  in  the  same  semi-rib 
under  strain  together,  and  generally  only  two.  The  sixth,  twelfth  and 
eighteenth  cables  were  the  permanent  ones  (during  the  erection)  and  the 
third,  ninth  and  fifteenth,  the  auxiliary  cables  ;  the  third  being  removed 
when  the  ninth  was  under  strain,  the  ninth  Avhen  the  twelfth,  and  the 
fifteenth  when  the  eighteenth  was  Tinder  strain. 

The  twelfth  or  main  cables  were  strained  and  balanced  by  hydraulic 
rams  beneath  the  main  towers;  the  fixed  strain  being  maintained  dur- 
ing all  changes  of  temperature  by  means  of  a  weighted  balance-gauge 
connecting  with  the  rams.  All  other  cables  were  strained  by  adjustable 
screws,  and  had  no  adjustment  for  temperature;  the  variations  by  tem- 
perature in  these  cables  being  but  little  different  from  those  in  the  length 
of  arch  controlled  by  them,  it  was  unnecessary. 

■1th.  Each  of  these  cables  was  strained  to  a  certain  amount  for  each 
different  conditio'n  of  the  erected  portion  of  the  arch,  with  the  object  of 
restricting  the  tensile  strain  ui^on  the  steel  couplings  connecting  the 
tubes  of  the  lower  meml)ers  of  the  ribs  within  40  tons  for  each  coiipHng; 
this  being  a  proviso  insisted  iipon  by  the  contractors,  although  every 
steel  coujiling  in  the  bridge  had  been  actually  tested  to  a  strain  of  300 
tons  and  over.  The  strains  in  the  main  cables  were  measured  by  the 
weights  upon  the  automatic  balance  gauge  which  operated  the  hydrauHc 
rams  supporting  the  main  towers.  The  strains  in  the  other  cables  were 
determined  by  a  micrometer  measurement  of  the  extension  of  the  links, 
— one  set  of  links  in  each  cable  having  been  previously  marked  for  this 
purpose. 

5th.  To  compensate  for  the  decrease  of  length  of  the  tubes  due  to 
the  compression  under  the  weight  and  load  of  the  finished  spans,  each 
tube  was  made  longer  than  the  length  calculated  from  the  normal  curve  of 
the  arch  by  an  amount  equal  to  this  loss  from  compression  ;  or,  in  other 
words,  the  tubes  were  calculated  for  a  span  longer  than  the  actual 
distance  between  the  abutments.  By  this,  the  line  of  tubes  for  the  side 
spans,  without  any  compression,  would  measure  3.2  inches  longer  than 
they  would  when  under  their  mean  compression  in  the  finished  work,  or 
each  semi-rib  might  l)e  considered  as  1.6  inches  too  long. 

6th.  The  long  semi-arches  of  steel  were  very  sensitive  to  the  action  of 
the  temperature,  being  not  only  subject  to  direct  extension  and  contrac- 
tion, 1)y  heat  or  cold,  but  also  to  a  curving  action  when  one  rib  became 
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more  or  less  heated  than  the  other.  The  bridge  standing  nearly  east  and 
Tsest,  one  side  usually  received  the  most  direct  sun  heat. 

7th.  Starting  from  the  skew-back  tubes,  all  four  ribs  were  simul- 
taneously erected  as  far  as  the  tenth  or  eleventh  tulies  (Fig.  1).  At 
this  point  the  outer  tubes  were  discontinued,  and  only  the  two  inner  ribs 
carried  to  the  centre.  The  several  ribs  were  connected  and  stiflfened 
by  their  connecting  struts  and  tension  rods.  At  the  centre  panel,  these 
long  semi-arches  presented  a  rectangular  cross-section  (Section  c  d,  Figs. 
2  and  4)  about  12  feet  deep  and  12  feet  wide.  Considering  that  each 
line  of  tubes,  after  being  united  into  a  complete  arch  by  the  central 
tube  would  be  subjected  to  compressive  and  tensile  strains,  according  to 
the  action  of  the  temperature,  it  was  absolutely  necessary  that  both  lines 
of  tubes  on  the  same  horizontal  line,  either  u^^per  or  lower  members, 
should  be  joined  at  the  same  time,  to  prevent  the  buckling  or  warping  of 
the  ribs  ;  and  not  to  permit  one  central  tube  to  become  jammed  by  an  in- 
crease of  temperature  or  other  cause,  before  the  corresponding  tube  in 
the  adjacent  rib  should  be  ready  to  take  its  share  of  the  compression. 

8tli.  The  standard  of  temperature  to  which  the  computation  and 
measurements  were  referred  is  60-  Fah.,  and  the  curve  of  the  finished 
arch,  under  its  permanent  load  at  this  temperature,  was  taken  as  the 
"  normal  curve  of  the  arch." 

To  enter  the  central  tubes  into  their  place  between  the  projecting 
ends  of  the  semi-ribs  of  these  arches,  the  increased  length  of  these  semi- 
ribs  due  to  the  construction  as  mentioned  (5th),  had  first  to  be  overcome. 
This  was  partly  accomplished  by  the  compression  due  to  the  cable- 
strains  ;  the  remainder,  it  was  expected,  could  be  reduced  either  by  in- 
creasing the  elevation  of  the  arches  by  means  of  the  cables,  by  taking 
advantage  of  a  low  temperature,  or  by  a  combination  of  the  two.  From 
the  cable-strains  being  restricted,  as  mentioned  (ith),  the  stifter  ribs  (and 
it  was  found  that  they  varied  in  rigidity j  would,  of  necessity,  be  lower 
in  i)Osition  than  those  \\hicli  were  more  flexil)le.  A  rib  which  was  but 
a  little  low  at  the  first  cables  would  show  a  rapidly  increasing  declension 
as  it  extended  towards  the  centre,  and  after  a  rib  was  once  allowed  to 
get  low,  it  would  require  a  much  higher  cable-strain  to  bring  it  up  again 
than  would  be  necessary  to  ecpiilibrate  the  same  had  it  been  kept  at  its 
elevation  during' the  erection. 

The  insertion  of  these  tubes  in  the  first  span  was,  of  course,  the  most 
difiicult,  and  occujiied  the  most  time.  Every  step  had  to  be  i)erformed 
with  caution  in  order  to  study  its  efi'ects.  Many  preconceived  plans  had 
to  be  altered  or  rejected  entirely,   as  experiments  proved  them  to  be 
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wrong.  For  the  first  span,  by  order  of  the  Chief  Engineer,  Capt.  James 
B.  Eacls,  two  sets  of  tubes  were  prepared  ;  one  similar  in  construction  to 
those  composing  the  arches,  and  made  of  the  exact  calculated  length  of 
the  central  space  ;  the  other  difiering  from  these  only  in  that  they  were 
fitted  with  an  internal  udjustable  screw,  hy  means  of  which  the  tubes 
could  be  lengthened  or  shortened  to  a  limited  extent,  in  case  there  should 
be  found  any  errors  in  the  measurements  of  the  span.  Both  tuljes  were 
of  equal  strength;  those,  however,  fitted  with  an  adjustable  screw  pre- 
sented a  different  external  appear.ince  from  the  ordinary  tubes,  due  to 
the  extra  banding  necessarj"  at  the  juncture  of  the  two  parts  forming 
these  tubes.      (Figs.  5  and  G.) 

Span  I.  — The  last  tubes  necessary  to  complete  the  two  inner  ribs  of 
this  span  up  to  the  central  tubes  Avere  erected  on  September  5tli,  1873. 
The  expense  and  responsibility  of  the  insertion  of  the  central  connecting 
tubes  of  the  arches  devolved  by  contract  upon  the  Illinois  ct  St.  Louis 
Bridge  Co. ;  under  the  direction  of  Col.  Henry  Flad,  acting  Chief  Engi- 
neer (Capt.  Eads  being  fibsent  in  England),  the  writer  was  given  charge 
of  this  work  ;  the  men  were  furnished  by  the  Keystone  Bridge  Co. 

At  this  date  the  semi-arches  were  supported  by  three  sets  of  cables  at 
each  half  of  span,  viz.,  at  the  sixtli.  twelfth  and  eighteenth  joints.  The 
sixth  cables  were  attached  to  all  four  ribs,  and  contained  a  cross  section 
of  13  square  inches  for  each  ril).  The  twelfth  or  main  cables  were 
attached  to  the  two  inner  ribs  only  (the  outer  ribs  terminated  at  the 
eleventh  joints),  and  contained  a  sectional  area  of  42  square  inches  for 
each  rib.  The  eighteenth  cables,  also  attached  to  inner  ribs  only,  con- 
tained a  sectional  area  of  22  square  inches  for  each  rib.  The  sixth 
cables  at  this  date  were  under  a  strain  of  65  tons,  the  main  cables  176 
tons,  and  the  eighteenth  cables  73  tons  per  rib. 

The  arches  liaAdng  been  erected  without  reference  to  their  elevations  or 
correctness  of  line  in  direction  of  the  span,  stood  in  the  foUowiug  con- 
dition ;  the  western  half  of  the  span  was  one  foot  lower  in  elevation 
(measured  at  the  extremities  of  the  rilis)  than  the  opposite  or  eastern 
half ;  the  western  half  lieing  8  J  inches  lielow  the  normal  line  of 
the  finished  arch,  and  the  eastern  Ij  inches  above,  the  remaining  1^ 
inches  being  the  difference  in  elevation  of  the  ends  of  the  central  tube 
(its  higher  end  being  the  true  centre  of  the  arch).  Horizontally  both 
semi-ribs  were  curved  to  the  north,  the  western  3  inches  and  the  eastern 
one  inch,  measured  at  the  extremities  of  the  ribs.  This  curvature  was 
due  to  tlie  tension-rods  running  in  one  direction  towards  the  centre,  being 
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more  easily  screwed  up  than  those  in  the  other  direction  ;  one  set  being 
fitted  with  sleeve  nuts  and  the  others  with  swivels.  The  ribs  being  in 
this  condition,  a  measurement  of  the  space  between  the  two  opi^osing 
semi-arches  at  a  temperature  of  60-  Fah. ,  showed  that  the  upper  mem- 
bers of  the  ribs  were  too  close  together  by  0.3  inch,  and  the  lower  mem- 
bers by  0.5  inch.  This  was  considered  at  the  time  very  satisfactory,  as  it 
was  not  doubted,  1>ut  that  with  an  increase  of  cable-strains  and  a  lower 
temi^erature  the  connecting  tubes  could  be  readily  entered. 

A  few  days  were  spent  in  throwing  the  arches  into  line  horizontally, 
stiffening  the  ribs  with  their  diagonal  rods,  riveting  the  lattice  straps 
between  the  main  brace  bars  and  in  other  work  necessary  to  j)repare  the 
ribs  for  the  new  strains,  which  would  be  thrown  upon  them  by  tempera- 
ture as  soon  as  they  were  connected  rigidly  together. 

During  this  time  experiments  were  made  upon  the  action  of  the  ribs 
under  increase  and  variation  of  cable  strains,  the  ultimate  object  being 
to  I'aise  the  extremity  of  the  western  half  to  a  corresponding  elevation 
with  the  eastern.  The  results  as  obtained  from  this  semi-arch  were  not 
very  satisfactory  for  the  purpose  intended,  for  the  arch  was  found  to  be 
very  stiff  and  slow  to  yield  luider  any  increase  of  strain.  From  the  great 
mass  of  metal  to  be  moved,  it  was  very  imjiortant  to  study  carefully  the 
action  of  each  increase  of  strain  upon  the  arches  and  their  cable  system. 
Several  days  were,  therefore,  sj^ent  in  these  operations.  After  straining 
the  eighteenth  cable  as  greatly  as  was  considered  jiroper  (to  about  10,000 
pounds  per  square  inch),  the  main  cables  to  200  tons,  and  slacking  oflf 
entirely  the  sixth  cables  from  the  inner  ribs,  this  semi-arch,  on  Septem- 
ber 14th,  was  7  inches  higher  than  it  was  on  the  5th,  making  its  half  of 
the  span  still  3i  inches  too  low  as  compared  with  the  eastern  half. 

At  7  o'clock  A.  M.,  this  date,  the  temjjerature  being  44''  Fah.,  the 
space  between  the  opposing  ribs  was  found  to  l)e  in  excess  of  the  required 
distance,  i|-inch  for  ujjper  members  and  j-incli  for  lower.  These 
measurements,  however,  did  not  give  the  true  amount  of  clearance 
Avliich  the  tubes  required,  as  the  additional  space  needed  to  enter  the 
tubes  in  an  oblique  direction,  which  the  Avant  of  level  of  the  two  oppos- 
ing ribs  made  necessary,  was  not  taken  into  account. 

As  it  was  not  considered  desirable  to  strain  the  cables  beyond  the 
amount  they  were  then  subjected  to,  it  Avas  determined  to  try  to  enter  the 
lower  tubes  in  this  contlition  of  the  arches.  These  once  entered,  the 
two  semi-arches  could  readily  have  been  brought  to  a  corresponding- 
level  without  any  risk,  by  decreasing  one  set  of  cable  strains  and  increas- 
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iug  the  other.  Having  secured  the  couuection  of  the  loAver  tubes,  it 
was  beUevecl  there  Avould  be  but  little  difficulty  in  entering  the  upper 
tubes  on  an  increase  of  the  temperature. 

At  9  o'clock  A.  M.,  the  plain  tubes  (not  adjustable)  were  raised  from  the 
fiat  boat  to  the  arches.  The  north  lower  tul)e  {0  rib,  Figs.  3  and  4)  entered 
readily  into  its  place  ;  the  south  one  [B  rib),  however,  would  only  enter 
part  way.  Attempts  ^,\eve  made  to  force  it  into  position,  but  the  risk 
of  getting  it  caught  jjart  way  down  was  too  great,  as  the  sun  was  already 
exjianding  this  side  of  the  arch.  Both  tubes,  therefore,  were  removed, 
and  the  insertion  postponed  until  the  next  morning,  at  5  o'clock.  The 
following  night  was  less  cool,  and  at  the  hour  named,  the  temperature 
being  53-  Fah.,  the  space  was  too  short  by  one-sixteenth  inch. 

Hoping  to  gain  this  small  amount,  an  additional  strain  of  (>  tons  was 
added  to  the  main  cables  of  the  western  side,  l)ut  without  any  immediate 
effect.  Belie^^ng•  that  the  distance  saved  by  having  the  eastern  side 
higher  than  the  western,  was  more  than  balanced  by  the  loss  due  to  the 
faces  of  the  projecting  tubes  being  one  higher  than  the  other,  the  east- 
ern half  was  lowered  to  a  corresponding  level  with  the  western.  For 
several  days  the  temperature,  especially  at  night,  had  been  quite  cool  ;  it 
now  became  very  warm,  and,  judging  from  the  weather  "  probabilities," 
no  immediate  hoije  of  a  change  to  cooler  could  be  indrdged. 

The  Directors  of  the  Bridge  Company  having  made  some  agreement 
dej)endent  upon  this  span  being  closed  by  September  19th,  Colonel  Flad 
determined  to  attempt  a  reduction  of  the  arches  by  means  of  ice,  in 
order  to  enter  these  tubes  ;  not  wishing  to  resort  to  the  adjustable  tubes 
until  all  chances  of  inserting  the  others  were  tried.  For  this  jjurpose, 
all  the  tubes  of  these  two  inner  ribs,  over  both  halves  of  the  .span,  were 
wrapped  with  gunny  cloth.  Boards,  on  edge,  Avere  placed  between  the 
braces  on  each  side  of  the  tubes,  thus  forming  continuous  lines  of 
troughs,  in  which  ice  could  be  placed  and  the  tubes  cooled.  At  sunset 
of  the  lOtli  the  arches  were  too  close  together  h\  2\  inches — that  is,  the 
tubes  would  not  enter  by  this  amount.  The  temperature  had  been  quite 
warm,  about  80  '  Fah.  in  the  shade.  Preparations  for  using  the  ice  were 
not  completed  until  the  10th,  at  2  o'clock  a.  m.  ;  10  tons  of  ice  were 
broken,  hoisted,  and  distributed  over  the  tubes,  the  bagging  being  first 
thoroughly  wetted  with  a  hose.  During  the  whole  night  a  warm  south- 
erly wind  prevailed,  and,  with  the  temperature  above  60°  Fah.,  counter- 
acted much  of  the  eflfect  of  the  ice.  At  sunrise  the  space  was  still 
§-inch  too  short,  but  the  ice  had  produced  a  contraction  since  sunset  the 
day  before,  equivalent  to  a  reduction  of  temperature  of  42^. 
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Dnriiig  the  dny  ami  all  niglit  of  the  lOtli,  the  ieing  Mas  continued, 
in  hojjes  to  finally  overcome  the  infinence  of  the  warm  weather.  By 
evening  the  space  had  become  reduced,  so  that  to  enter  the  tubes  a 
contraction  of  li  inches  was  needed.  At  11 J  o'clock  p.  m.  ,  this  was 
decreased  to  ij-inch,  at  wliii-h  it  remained  until  the  morning  of  the  17th. 
This  night,  also,  a  very  warm  southerly  wind  prevailed,  and  cut  away 
the  ice  as  fast  as  50  men  could  hoist  and  distribute  it. 

On  the  morning  of  the  17th,  there  being  no  jjrospects  of  a  change  to 
colder  weather  within  the  time  to  which  we  were  limited.  Col.  Flad  felt 
compelled  to  order  the  use  of  the  extensible  tubes  ;  especially  as  these 
w'ere  only  fitted  ^vith  a  moderate  amount  of  adjustment  (about  1^  inches), 
so  that,  shoidd  the  weather  continue  as  it  was,  they  even  could  not  be 
entered  after  the  effects  of  the  ice  had  disappeared.  The  lower  of  these 
tubes  were  first  entered  ;  there  was  some  little  difficulty  with  the  south 
one,  but  finally  both  were  in  place,  and  one  end  of  each  tube  was  readi- 
ly connected  by  means  of  its  coupling  and  steel  pin.  Before  the  other 
ends  could  be  connected  it  was  necessary,  by  means  of  lines  and  clamj^s, 
to  draw  the  tubes  into  correct  Line  with  the  projecting  tubes  of  the  op- 
posing  ribs.  The  steel  pins  belonging  to  these  joints  were  then  entered 
into  the  ^iin-holes  of  the  tiibes,  the  coupling  being  left  ofi"  for  the  time; 
the  pins  held  the  tube  ends  in  line  vertically,  and  the  screw  clamps 
kept  them  from  moving  horizontally.  Then  the  bearing  faces  were 
brought  together  by  means  of  the  adjustable  screws  and  a  slight 
lowering  of  the  eastern  ribs  by  slacking  off  the  main  cables.  The 
coupling-s  were  next  readily  entered  upon  the  grooves  of  the  tubes,  and 
the  connection  of  the  lower  members  completed.  Ha\'ing,  by  means  of 
struts  and  rods,  secured  the  lower  members  against  any  tendency  to 
l)uc'kle  horizontally,  the  upper  tubes  were  entered  in  a  similar  manner. 
The  braces  connecting  the  upper  and  lower  members  Avere  all  put  on, 
(excei^ting  one  set,  which  could  not  be  until  the  adjustable  tubes  were 
screwed  out  to  proper  lengths),  and  the  whole  firmly  strutted  and  tied 
together.  At  10  o'clock  p.m.,  September  17th,  after  65  hours'  constant 
work  with  a  force  of  about  60  men,  the  first  arch  was  successfully  con- 
nected. 

From  the  difficulties  thus  experienced,  it  was  decided  to  use  only  ad- 
justable tubes  for  the  remaining  spans  ;  it  being  too  important  a  matter 
to  be  dependent  upon  the  condition  oi  the  weather  and  the  uncertain 
action  of  the  arches  under  the  cable  strains.  After  experience  in  screw- 
ing out  the  arches  to  their  i^roper  lengths,  as  will  be  explained  hereafter, 
a  change  in  the  manner  of  connecting  the  last  joints  was  adopted.     After 
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the  (central  tubes  were  rigitllj'  conueeteil  at  one  end  by  means  of  the 
coupling  and  pin,  the  remaining  end  was  only  connected  by  a  loose  pin 
joint,  as  follows  : — the  tube  ends  were  brought  into  an  abutting  condi- 
tion, the  steel  pin  entered  into  the  pin-hole  through  the  tube  ends,  and 
the  tubes  preventtnl  from  moving  side  wise  by  means  of  clamps.  As  in 
this  method  the  couplings  were  left  off  from  the  joint,  much  trouble  was 
avoided.  These  joints  were  kept  in  this  condition  until  the  central 
tubes  were  screwed  out  to  their  proper  length,  when  the  permanent  con- 
nections by  means  of  the  couplings  were  made.  This  method  was  per- 
fectly safe  so  long  as  the  cables  were  under  strain  and  the  tube  ends  kept 
at  a  true  bearing  with  each  other. 

8pax  II. — Both  sides  of  this  span,  came  together  well  as  to  level  ;  the 
west  h;df  was  perfectly  straight  for  centre  line  ;  the  eastern  half  Avas 
bowed  to  the  south  1^  inches  at  i*ts  extremity  ;  on  Dec.  16th  this  arch 
was  readily  connected  in  a  few  hours,  the  temperature  and  elevation  being 
very  fa-vcjrable. 

Span  III. — This  last  span  gave  considerable  trouble,  as  the  circum- 
stances were  very  similar  to  those  of  Span  I ;  one  side  (the  eastern  in  this 
case)  being  much  lower  and  stiflfer  than  its  opposing  semi-arch;  the  weather 
was  quite  warm  for  the  season  (58  '  Fah.),  and,  also,  it  was  financiaUy 
necessary  to  close  the  span  by  a  certain  time.  This  latter  fact  was  not 
known  till  December  17th,  at  noon,  and  the  time  expired  on  the  morning 
of  the  18th.  At  the  first-named  hour  (when  I  received  orders  from  the 
Chief  Engineer,  Capt.  Eads,  to  have  this  span  closed  by  7  o'clock  the  next 
morning)  the  eastern  half  was  still  3  inches  too  low,  the  main  cables 
were  strained  to  200  tons  per  ril:),  and  the  others  to  their  full  capacity. 
The  tubes,  after  being  shortened  as  much  as  the  adjustable  screws  would 
alloAV  in  their  present  condition  of  thread,  were  yet  too  long  by  ^-inch  ; 
the  hydraulic  jacks  of  the  east  abutment  towers,  by  means  of  which  the 
main  cables  for  this  half  s^ian  were  strained,  had  reached  their  full  throw 
from  the  strain  they  were  under  and  the  unusual  Avarmth  of  the  season  (they 
ha-\dng  been  lowered  some  time  before  on  account  of  the  cold  weather). 

In  order  to  succeed  in  entering  the  tubes,  it  became  necessary  to 
raise  the  jacks  upon  blocking,  and  to  increase  the  strain  on  the  main 
cables  of  the  east  side  to  210  tons.  The  screws  of  the  adjustable  tubes 
were  also  cut  by  filing  and  chipping  so  as  to  obtain  |^-inch  more  adjust- 
ment. At  10  o'clock  p.  M. ,  the  wind,  which  had  been  quite  warm,  changed 
to  the  north  and  produced  a  sufiicient  reduction  of  temperature  to  assure 
the  entering  of  the  tubes,  and  at  ll-i  o'clock  p.  m.,  every  preparation 
being  completed,  the  tubes  were  hoisted  to  the  arches.     The  remainder 


249 

of  tilt'  work  WHS  uicrely  a  repetitiou  of  previous  expeiieuce,  but  was 
uece.ssarilv  (Iflaytnl  by  the  inconveniences  of  working  upon  scaffolding 
by  torcliliglit.    At  T.iOtj'clock  a.  m.,  on  the  ISth.  the  last  arcli  was  closed. 

As  soon  as  each  span  was  connected  hj  the  insertion  of  the  cicntral 
tubes  of  the  inner  riljs  as  just  described,  the  erection  of  the  remaining 
tubes  of  the  outer  ribs  was  continued.  With  the  exception  of  cables  Nos. 
3  and  (j,  which  were  used  for  sxipporting  the  first  eleven  tubes  during 
their  erection,  no  cables  were  used  for  these  outer  ribs.  At  the  time  of 
connecting  the  inner  ribs,  those  outer  ril^s  were  sustained  by  a  cable  at 
the  sixth  joint  only — the  third  cable  having  been  removed  at  the  same 
time  it  had  been  removed  from  the  inner  ribs. 

During  the  continuation  of  the  erection  of  these  outer  ribs  beyond 
the  eleventh  joints,  the  weights  of  these  outer  ribs  were  transferred  to 
the  inner  ribs  by  means  of  temporary  diagonal  rods  attached  to  the  tulies 
by  clamps.  The  rods  used  for  this  i^urpose  were  the  lateral  rods  belong- 
ing to  this  part  of  the  work.  One  of  these  rods  was  attached  to  each 
length  of  tube,  and  a  double  set  at  each  third  tube.  As  each  rod  was 
fitted  with  an  adjusting  screAV,  it  was  very  easy  to  keep  these  oiiter  ribs 
at  any  desired  elevation  with  reference  to  the  inner  ril)s  to  Axiiich  thej 
were  attached.  No  difficulty  was  therefore  experienced  in  inserting  their 
connecting  central  tubes. 

III. — Screwing  out  the  Arches. — After  the  connection  of  the  inner 
ribs  of  the  first  span  by  the  use  of  the  adjustable  tulles,  it  became  neces- 
sary to  screw  out  these  tubes  to  their  full  length  as  required  by  the  calcu- 
lations. The  screws  in  these  tubes  were  made  from  forged  wrought-iron 
rings  18  inches  long,  15  inches  outside  and  11  inches  inside  diameter.  The 
screw  thread  was  right  and  left-handed  on  the  different  ends,  square  and 
1%-inch  deep — the  pitch  was  i|-incli.  In  the  cylindrical  part  of  the  screw, 
between  the  right  and  left  threads,  six  holes  ll  inches  in  diameter  were 
bored,  for  the  purxjose  of  passing  rivets  to  fasten  the  steel  rings,  which 
were  to  fill  space  A  (Fig.  5)  after  the  tubes  were  screwed  out  to  proper 
length,  and  make  a  solid  steel  connection  throughout  the  tube  for  com- 
pression. The  screws  had  been  prepared  of  this  form,  with  the  original 
exi^ectation  that  they  would  only  be  needed  to  lengthen  or  shorten  the 
tubes  before  they  were  inserted  into  their  place;  the  necessity  of  forcing 
apart  the  arches  wdtli  these  screws  had  not  been  anticipated.  They 
fitted  very  snugly  and  required  a  moderate  power  to  turn  them,  even 
without  any  pressure  against  the  threads  ;  and  -with  any  strain  of  either 
compression  or  tension  upon  the  tiil:)es  it  became  very  difficult  work  to 
move  them  by  the  use  of  bars  inserted  into  the  1^,-inch  holes. 
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After  the  inner  ribs  were  connected  the  cable  strains  Avere  reduced  so 
that  there  was  only  about  160  tons  strain  on  the  main  cables.  Then  the 
erection  of  the  outer  ribs  was  going  on,  and  this  threw  the  additional 
weight  of  these  outer  ribs  upon  the  inner  ribs. 

Efforts  were  made  to  turn  out  the  screws  in  the  first  arch  by  means  of 
bars  inserted  in  the  holes  of  each  screw,  connected  at  the  ends  in  a 
wheel  form.  But  slow  and  slight  progress  was  made,  as  the  bars  were 
constantly  being  broken.  The  tubes  being  fastened  at  both  ends  by 
means  of  their  coui^lings,  were  subject  to  the  strains  of  comj^ression 
and  tension  according  as  the  temperature  varied.  Only  at  the  interval 
when  these  strains  Avere  zero  could  any  result  be  obtained  in  moving  the 
screws.  With  the  varying  temperatures,  to  determine  Avhen  this  oc- 
curred was  only  possible  by  keeping  a  constant  strain  upon  the  bars. 
The  great  labor  necessary  and  slow  progress  made,  led  to  two  improve- 
ments which  overcame  the  difficulty  in  the  remaining  parts  of  the  arches. 
First,  the  remaining  ribs  Avere  not  rigidly  connected  by  couplings  on 
both  ends  of  the  central  tubes  ;  one  end  of  these  tubes  Avas  left  free  by 
making  a  j)in-joint  only,  as  before  mentioned.  By  this  means  no  ten- 
sion could  be  got  on  these  tubes,  and  any  opening  or  relaxation  of 
compression  at  this  loose  joint  produced  by  contraction  or  expansion  of 
the  arches  (according  as  it  Avas  a  lower  or  ujjper  tube)  could  readily 
be  taken  adA'antage  of,  by  setting  out  the  screws.  The  second  improA-e- 
ment  was  the  designing  of  a  Avrench  of  a  suitable  form  to  turn  these 
screws,  even  under  a  large  compressiA'e  strain.  These  A\T.'euches  were 
made  of  railroad  iron  and  resembled  in  form  an  elongated  letter  A. 
Each  foot  Avas  fitted  Avith  a  T  shaped  nipper,  sufficiently  narroAv  to  enter 
the  oj^ening  {A,  Fig.  5)  between  the  bands  of  the  tubes,  Avliich  in  some 
cases  was  only  f-inch.  This  wrench  was  about  7  feet  long  and  acted  by 
direct  shearing  strain  upon  a  lv,-inch  steel  i)in  passing  through  the 
screw  and  projecting  sufficiently  at  each  side  for  the  nippers  to  catch 
it.  By  means  of  the  bars,  as  first  used,  Ave  could  never  put  a  gi-eater 
strain  upon  the  screws  than  exerted  by  four  men  on  an  ordinary 
crab  with  a  single  line  ;  Init  Avith  the  use  of  the  wrench  the  power  of 
six  men  on  a  double-geared  crab  could  be  transmitted  through  a  six-fold 
purchase  to  the  end  of  the  Avrench.  Three  of  these  wrenches  Avere 
broken,  two  by  tearing  apart  the  tension  side  (of  the  rail  bar)  and  one 
by  an  inclined  shearing  of  the  compression  side.  The  fourth  one  Avas 
strengthened  on  both  sides  by  the  addition  of  a  six-inch  channel  bar 
riA^eted  to  the  foot  of  the  rail. 
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In  screwing  out  the  iirelies,  iulviintiige  wiis  ahvtiys  taken  of  the  tem- 
peratTire,  by  screwing  out  the  lower  members  during  the  early  and  cooler 
liart  of  the  day,  and  the  upper  members  during  the  warmer  pavt  ;  both 
members  were  kept  moving  out  together  as  far  as  was  possible.  The 
screwing  out  of  the  outer  ribs  gave  much  more  trouble  than  that  of  the 
inner  ribs  ;  for  these  received  little  or  no  compressive  strain  from  the 
cables — the  only  one  acting  being  the  sixth,  which  acted  on  but  six 
tubes,  and  even  on  these  at  an  unfavorable  angle.  To  make  up  for  this 
deficiency  of  compression,  it  was  necessary  to  aid  the  action  of  the  wrench 
by  raising  these  outer  ribs  with  the  tension  rods  on  Avhich  they  were  sup- 
ported. By  alternating  the  action  of  the  screw  with  the  tightening  iip  of 
the  suspension  rods,  these  ribs  were  finally  gotten  out  to  their  correct 
length.  Finding  in  the  first  span  that  the  compressive  strain  thrown 
ujion  any  tube  by  the  action  of  the  wrench  could  be  relaxed  by  lifting 
the  ribs  with  these  rods — the  number  of  the  rods  w^as  much  increased  in 
the  other  spans  when  it  became  necessary  to  screw  them  out. 

IV. — Possibility  of  removing  and  exchanging  any  Tube  or  other 
Piece  in  the  finished  Arches.  — From  the  experience  gained  in  erect- 
ing, connecting  and  screwing  out  the  arches  of  this  bridge,  I  feel  con- 
fident, that  should  occasion  require,  it  is  quite  possible  to  remove  any 
part  of  the  arches  without  the  use  of  cables  above,  or  false  work  be- 
neath. For  instance,  a  tube  could  be  removed  and  another  inserted, 
Avith  no  risk  to  any  part  of  the  structure,  and  but  jjartial  interference 
with  the  traflic,  in  the  following  general  manner.  Suspend  the  rib 
from  Avhich  the  tube  w^as  to  be  taken,  upon  the  adjacent  ribs  by  means 
of  diagonal  suspension  rods,  in  a  manner  similar  to  that  whereby 
the  outer  ribs  were  supported  during  their  erection.  The  total  dead 
weight  on  <jne  rib  does  not  exceed  one  ton  per  foot  of  span  ;  this  would 
be  520  tons  for  a  rib  of  the  centre  span,  to  sustain  which  would  not  re- 
quire a  large  amount  of  material.  In  every  case,  this  weight  could  be 
distributed  over  at  least  two  other  ribs,  without  exceeding  the  moving- 
load  for  which  they  are  calculated.  The  weight  of  this  rib  being  on 
these  rods,  the  adjustable  screws  could  be  relaxed  sufticieiitly  to  relieve 
the  respective  members  from  tension  and  compression.  The  rib  could 
then  be  disconnected  at  any  jaoint  and  a  new  tube  inserted.  The  tem- 
perature at  the  time  should  be  considered,  and  all  means  taken  to  hold 
the  rib  in  its  position  by  struts  and  tie  rods,  in  order  that  it  may 
not  move  from  its  proper  place,  and  thus  prevent  or  delay  the  insertion 
of   the   new  tube.     If  all  material  were  previously  prepared,  the  whole 


252 

operation  need  not  take  a  longer  time  than  48  hours,  and  wouhl  perhaji.s 
be  possible  within  24  lionrs.  * 

The  removal  of  a  skew-back  tnbe  w^oukl  be  more  laborious,  but  still 
within  possible  limits.  These  tubes  being  screwed  into  the  skew-backs, 
it  would  be  necessary  to  remove  another  tube  first  in  order  to  obtain 
working  room  to  unscrew  them  ;  it  would  be  comparatively  slight  labor 
to  remove  any  other  part  of  the  arches. 

These  cases  may  ever  be  hypothetical,  but,  nevertheless,  they  are 
interesting  and  peculiar  points  in  the  construction  of  this  great  work. 

V. — Method  of  Painting  the  Inteeiob  of  the  Tubes  after  Erec- 
tion.— ^The  tubes  as  well  at  all  other  pieces  of  the  bridge  were  ijainted  on 
all  sides  before  they  left  the  shops  of  the  Keystone  Bridge  Co.  But 
it  was  also  necessary  that  the  interior  of  the  tubes,  and  especially  their 
joints,  should  be  thoroughly  painted  after  the  tubes  were  in  place.  This 
could  have  been  done  for  each  tube  as  the  work  went  on  ;  but  it  would 
have  interfered  very  much  with  the  progress — especially  as  it  was  not  a 
specified  duty  of  the  contractors.  Various  methods  of  doing  this  had 
been  under  discussion  up  to  the  time  of  the  completion  of  the  inner 
ribs  of  the  first  span  to  the  central  tubes.  From  the  necessity  then,  of 
performing  the  Avork  in  a  short  time,  so  as  not  to  delay  the  insertion  of 
the  central  tubes,  all  x^lans  were  reduced  to  a  consideration  of  which 
would  be  the  most  expeditious  and  yet  effective.  This  induced  the 
adoption  of  the  following  ;  a  small  spindle-shaped  vessel  of  a  size 
such  as  would  pass  freely  up  and  down  the  tubes  beneath  the  steel  pins 
which  go   through   the   ends  of   each  tube    (this  space  being  about  4 


*  After  the  completion  of  all  the  iron  work  on  Span  I,  and  most  of  the  wood  work  of  the 
upper  roadway  (March  24th-2Cth),  two  tubes  iu  the  lower  members  of  Ribs  B  and  C  [B,  19-20 
and  C,  18-19,  Figs.  2  and  3),  which  had  been  injurecl  during  the  erection,  were  removed  by  the 
writer  and  new  ones  inserted  instead.  At  this  time  these  ribs  were  practically  loaded  with 
their  full  permanent  load,  and  were  unsupported  by  any  cables.  The  delay  in  replacing  these 
injured  tubes  was  due  to  the  length  of  time  required  to  prepare  new  ones;  but  one  tube  was 
removed  at  a  time.  As  previously  described,  the  weight  of  the  ribs  oiierated  upon  was,  by  means 
of  diagonal  rods,  taken  from  the  adjacent  ribs  {Fig.  3),  such  additional  rods  as  were  required 
being  borrowed  from  the  other  spans.  After  these  rods  were  sufficiently  tightened  for  a 
few  joints  each  side  of  the  injured  tube,  the  diagonal  rods  running  iu  the  opposite  direction, 
tending  to  hold  the  rib  down,  were  also  strained,  thei-eby  providing  against  any  tendency  of 
the  arch  rib  to  raise  at  this  point,  and  bring  a  cross  strain  on  the  upper  member.  The  lower 
adjustable  screw  was  then  gradually  slacked,  and  the  strains  in  the  rods  carefully  watched,  to 
see  the  tendency  of  the  rib.  It  was  found  that  slacking  the  lower  screw  J-iuch  without 
changing  the  upper  one,  would  permit  the  removal  of  the  injured  tube  and  the  insertion  of 
the  new  one.  When  this  was  inserted  and  connected,  the  adjustable  screw  was  screwed  out  to 
proper  length,  and  the  strains  gradually  removed  from  the  supporting  rods.  But  7  men 
were  employed  in  all  the  operations.  The  simiilc  operation  of  changing  a  tube  did  not  require 
over  12  hours,  but  the  work  of  preparing  the  s  upporting  rods,  cutting  out  and  le-rivetiug  the 
braces,  &c.,  for  the  two  tubes,  took  4  days;  with  more  men,  all  this  for  one  tube  could  have 
been  done  in  12  hours.     (Note  added  September  27th,  1874.) 


l)v  5  inclies),  perforated  at  tlio  toii  jukI  sides  with  fine  lioles,  its  l)()ttom 
filled  with  lead,  and  the  whole  set  upon  rollers,  was  fastened  by  a  movable 
joint  to  a  gas-pipe  in  12-feet  pieces  which  were  together  eqilal  in  length 
to  that  of  the  semi-arches.  This  apparatus  was  prepared  and  set  to  work 
within  24  hours — it  was  first  forced  down  the  whole  length  of  the  tubes, 
joint  by  joint,  until  it  reached  the  skew-back,  and  then  attached  to  a 
force  pump  by  a  flexible  hose,  and  thin  asphaltiim  varnish  forced  down 
the  pipe.  A  steady  spray  of  the  jjaint  was  projected  against  the  tojj  ami 
.sides  of  the  tubes,  and  the  surplusage  ran  down  along  the  bottom  ; 
the  pipe  was  slowly  Avithdrawn,  the  pump  l)eing  kept  at  work.  This 
si^rinkler  being  made  too  weak,  soon  l)Voke,  and  was  replaced  by  a 
simple  gas-pipe,  closed  at  the  end,  and  perforated  on  all  sides  with  numer- 
ous tine  holes,  their  aggregate  area  l)eing  proportioned  by  experiment  to 
the  capacity  of  the  pipe,  w^hich  was  one  inch  in  diameter. 

This  method,  considered  with  regard  to  painting  only,  was  a  Avasteful 
one  ;  but  as  it  was  determined  to  fill  the  lower  or  skew-back  tube  tem- 
porarily with  the  mixture,  ,in  order  to  allow  it  to  penetrate  the  joints  of 
the  staves,  screws  and  backing,  and  protect  them  from  the  attack  of 
Avater,  to  which  they  would  be  most  exposed,  should  there  be  any  leakage 
or  condensation  wdthin  the  arch-tubes,  the  waste  was  nothing,  for  even 
this  method  required  only  enough  material  to  give  a  surplus  sufficient  to 
fill  these  lower  tubes,  (about  Vj  barrels  for  each  skew-back  tube). 

The  plan  worked  readily  when  the  weathei-  was  warm  enough  to  keep 
the  varnish  thin,  and  Avas  so  satisfactory,  that  the  same  apparatus  was 
used  in  all  the  arches.  Had  preparations  been  previously  made  at  the 
.skew-backs,  to  draw  off  the  surplus  material,  and  use  it  over  again,  there 
need  have  been  no  waste  under  any  circumstances. 

Tests  of  the  Bkidge,  when  complete,  (added  Sept.  27th,  1874). — 
A  30-ton  locomotive  at  different  positions  of  the  center  span  produced 
these  results  on  Eib  It. 


Deflections  (Inches). 


At  Joint  11. 


West  Quarter,  .Joint  11 '. . .  0.516  i  0.12  — COG 

Centre  of  Sijan 0.210  >  O.G  o.li 

East  Quarter,  Joint  33 _i).(i2i  —0.012  0.7i 


Similar  observations  were  made  at  other  points.     The  same  load  at 
different  points  produced  the  following  results  : 
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Deflection  (Inches) — at  Centbe  of 


Engine                                 

^                   Span  I. 

Span  II. 

Span  III. 

At  Centre  of  each  Span 0.636 

Moving  5  Miles  per  Hour 0.5 

"    in     "     "     "     

0.6 
0.42 

0  636 
0.5 

0  75 

"     15       "       "       " 

0.75 

Different  load.s,  at  diflferent  point.s,  caused  these  deflections  : 


Load  (allowing  15  Tons  for  each  Tender). 


LocoMO-     Weight  in 
T1VE.S.  Tons. 


Placed  on  Middle  of 


Deflection  (inches)  at 
Centre  of 


Rib  A.    Rib  B.     Rib  C.     Rib  D 


33i  I     South  Track  of  Span  III 2.48* 

334  '         "  "      "       "       II 2.8* 

350  "  "      "       "         I »2.48* 

334  :     North     ■'      '•  ) 

;.  Span    I 3.048 

350  ;     South      "      '•  ) 

334  I     North     "      "  ) 

j  [  Span  II ..      3.48 

350  South     "      ■■  ) 

"      "        "     II :     2.37 


1.84 
2.15 
1.8 

2.892 
3.44 


1.33t 
].37t 
1.27t 

2.616 


0.83 

1.1 

0.82 


*  Loaded  rib.  t  Rib  partly  loaded. 

The  greatest  vertical  deflection  of  Span  II,  when  one-third  was  loaded 
Avith  locomotives  was  1.43  inches  and  at  the  fourteenth  joint  ;  when  one- 
half  was  loaded,  this  maximum  deflection  was  1.(37  inches  and  at  the  four- 
teenth panel,  and  when  five-eighths  was  loaded,  it  was  2.25  inches  and  at 
the  seventeenth  panel.  The  greatest  negative  deflection  or"i"ise"of 
the  same  span,  when  12  of  the  ii  ^lanels  -were  loaded  was  0.63  inch  and 
at  the  twenty-ninth  joint.  With  a  load  of  331:  tons  on  north  track  of 
Span  I,  Eib  (7  of  Span  II  raised  0.3  inches — on  south  track  of  Span  II, 
Kill  I),  of  Span  I  raised  0.12  inches — on  south  track  of  Span  I,  Rib  B  of 
Span  II  raised  0.216  inches,  and  with  the  same  load  moving  eastward 
over  S2)un  I,  Eib  B  of  Span  II  raised  0.48  inches  ;  in  each  case  the 
measnrtnnent  being  at  centre  of  the  rib. 

After  each  test  the  load  was  entirely  removed  and  observations  made 
for  permanent  set,  which,  however,  was  not  at  any  time  visible,  nor  Avas 
:uiv  side  deflection  of  the  outer  ribs  under  the  various  loads  discovered. 


c. 


THE  EDUCATION  OF  OlYIL  ENGINEERS. 

A  Paper  by  Thomas  C.  Clarke,  C.  E.,  Member  of  the  Societ3\ 

Read  JuxXe  10th,  1874. 

Men's  characters  are  the  resultant  of  two  factors,  birth  and  ednca- 
tiou — education  used  in  the  broadest  sense  of  the  word,  and  meaning 
the  development  of  all  our  faculties,  both  by  instruction  or  the  educa- 
tions of  the  schools  and  by  that  larger  education  of  the  world  which 
comes  from  experience  and  j)ractice. 

Some  men  aye  born  with  siich  great  natural  abilities  that  they  educate 
themselves  in  spite  of  adverse  circumstances  and  become  leaders  by  the 
sheer  force  of  genius.  But  such  men  form  the  exceptions  and  not  the 
rule.  Most  of  us  are  quite  as  nuich,  if  not  more,  indebted  to  education 
for  success  in  life,  than  to  our  natural  powers,  and  it  is  of  the  education 
of  this  class  for  that  profession  or  art  which  we  call  Civil  Engineering, 
which  I  have  to  speak. 

The  methods  of  this  ediication  used  in  this  country  and  in  England 
differ  materially  from  those  on  the  continent  of  Europe.  Here  we  begin 
by  a  course  of  study  at  some  school,  college  or  technological  institution, 
and  complete  our  education  by  serving  as  assistants  on  some  class  of  pub- 
lic works,  for  which  we  receive  more  or  less  payment.  In  England,  the 
course  is  the  same  except  that  there  boys  begin  younger  and  with  less 
l^erfect  theoretical  education  ;  then  they  serve  their  time  under  some 
practicing  engineer  from  three  to  five  years,  and  pay  him  a  premium  of 
£300  to  £500  for  the  privilege.  Tins  they  do,  because  their  chance  of 
future  employment  depends  on  being  personally  known  to  some  engineer 
in  large  practice.  On  the  continent  of  Europe,  practical  training  by 
serving  "on  public  Avorks  as  an  apprentice  to  some  engineer  is  unknown. 
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Education  begins  at  the  other  end,  by  the  compulsory  acquirement  of  a 
high  degree  of  theoretical  knowledge.  Partly  with  this  and  partly  after- 
wards, a  certain  amount  of  practical  information  is  given,  but  the  lead- 
ing idea  is  to  make  a  man  a  thorough  engineer  theoretically  before  he 
begins  or  is  even  allowed  to  practice. 

In  this  country,  the  tendency,  of  late  years  has  been  towards  the  con- 
tinental methods.  We  have  attempted  with  a  wise  eclecticism,  to  com- 
liine  the  advantages  of  both  systems,  and  educate  our  engineers  in  the 
theoretical  principles  of  the  science  first  and  then  let  them  acquire 
practical  knowledge  by  practice  itself. 

The  important  question  for  us  to  consider,  and  to  Avhich  I  wish  to  call 
your  attention  to  day,  is,  whether  a  classical  education  should  be  com- 
bined with  a  purely  scientific  course  or  not,  in  that  earlier  part  of  engi- 
neering education  which  is  got  in  the  schools.  We  can  answer  this  ques- 
tion only  by  considering  what  is  the  object  of  education  at  all  ? 

It  is  to  enable  us  to  know  ourselves  and  to  know-  the  laws  of  nature. 
To  know-  ourselves,  we  must  know  the  capabilities  of  the  human  mind, 
and  this  will  best  be  found  in  the  literatures  of  nations.  To  know 
the  laws  of  nature,  we  must  study  the  physical  sciences.  The  study 
of  letters  is  the  history  of  the  development  of  human  force  and  will. 
The  study  of  nature  is  the  study  of  those  forces  which  lie  outside  of 
human  will.  It  is  the  office  of  the  engineer  to  subdue  these  forces  by 
human  will  for  the  benefit  of  man — or  as  the  motto  of  the  British  Insti- 
tution of  Civil  Engineering  has  it  "Civil  Engineering  is  the  art  of 
directing  the  great  sources  of  power  in  nature  for  the  use  and  conve- 
nience of  man."  Man  and  nature,  then,  should  be  his  study.  These  are 
the  views  of  Matthew  Arnold,  who  strengthens  his  own  authority  by  the 
opinions  of  other  distinguished  educators.  My  own  experience  coincides 
wdth  this  ;  observation  has  shown  me  by  numerous  instances,  that  those 
persons  who  have  come  to  the  study  of  Civil  Engineering  after  a  thorough 
training  in  both  natural  science  and  also,  to  use  the  good  old  expression, 
"  the  humanities,"  are  those  wdio  make  the  most  rapid  progress.  When 
a  man  has  learned  liow  to  learn,  he  can  quickly  learn  anything. 

The  limits  of  this  paper  will  not  allow  me  to  point  out  in  detail  tlie 
course  of  studies  which  should,  in  my  opinion,  be  pursued.  But  I  may 
say  generally — it  is  of  the  greatest  importance  that  what  Bacon  calls  "the 
relative  values  of  kuowleges"  be  understood,  and  not  too  much  time  be 
given  to  one  class  to  the  exclusion  of   others.     The  mistake  of  classi- 
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eal  teachers  is,  that  they  vahie  gruuimai-  higher  than  literature  itself. 
On  the  other  hantl,  the  mistake  of  teachers  of  science,  is  that  the  mathe- 
matics preliminary  to  a  knowledge  of  the  laws  of  nature,  is  valued  liigher 
than  the  knowledge  itself. 

Much  time  is  wasted  in  our  colleges  and  technological  schools  over 
the  higher  mathematics.  Every  engineer  here  Avill  agree  with  me  that 
the  cases  where  the  use  of  the  higher  calculus  is  indispensable  are  so  few 
in  our  practice,  that  its  study  is  not  worth  the  time  expended  upon  it, 
and  we  have  the  highest  authority  for  saying  that  unless  its  use  is  con- 
stantly kept  up,  we  l^ecome  too  rusty  to  use  it  at  all.  Unless  the  student 
possesses  an  extraordinary  genius  for  mathematics,  I  would  limit  its 
study  to  the  ordinary  analysis. 

The  time  saved  I  would  devote  to  the  study  of  natural  science  in  some 
of  its  branches.  What  is  it '?  It  consists  of  observations  of  facts  and 
the  relation  of  phenomena,  of  drawing  conclusions  from  the  data  thus 
acquired  and  of  finally  verifying  these  conclusions  by  observation  and 
exjDeriment.  This  is  the  best  mental  discipline,  for  it  strengthens  both 
the  observation  and  the  judgment.  It  teaches  patience,  accuracy  and  a 
love  of  truth  for  its  own  sake.  I  see  no  reason  why  the  study  of  the 
properties  of  all  materials  of  construction  should  not  be  made  a  branch 
of  natural  science  and  studied,  not  alone  by  taking  for  granted  what  the 
books  say,  but  by  observation  and  actual  experiment. 

The  cio-icnlum  should  include  the  study  of  both  ancient  and  modern 
languages;  the  object  being  to  read  and  understand  what  is  written  in 
tliem  and  not  to  be  a  philologist.  Biit  let  it  not  be  forgotten  that  the 
study  of  our  own  noble  language  is  worth  that  of  all  the  rest  put  to- 
gether. Indeed  it  is  not  sure  l)ut  that  the  greatest  advantage  that 
Ave  derive  from  the  study  of  other  languages  is,  that  it  enables  us  better 
to  understand  and  appreciate  our  own.  In  regard  to  stj-le  and  expres- 
sion, any  man  who  can  think  clearly,  can  write  clearly.  The  best  style 
is  that  which  conveys  my  thoughts  to  your  minds  by  the  line  of  least  re- 
sistance. 

Let  us  now  suppose  that  our  student  has  finished  his  college^  course. 
Instead  of  entering  the  technological  school,  I  think  he  should  at  once 
go  into  the  field  and  the  office,  and  learn  the  actual  practice  of  his  profes- 
sion. His  training  will  have  given  him  the  power  of  generalizing  and 
he  will  be  able  to  see  the  principles  which  underlie  all  classes  of  practice, 
and  to  distinguish  what  is  most  necessary  to  be  learned.      He  will  very 
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quickly  find  out  tlie  reason  -^-liy  tilings  are  done.  After  some  time  spent 
in  this  way  in  getting  experience  of  how  the  affairs  of  the  world  are  really 
carried  on,  not  how  they  are  said  in  books  to  be  done,  he  may,  if  he  can 
spare  the  time,  go  back  to  the  technological  school.  His  practice  will 
have  shown  him  his  own  weak  points  and  the  "relative  values  of  knowl- 
edges "  taught  there,  and  he  will  lose  no  time,  but  apply  his  whole  force 
to  that  which  he  most  needs. 

The  practice  of  Civil  Engineering  is  now  so  much  specialized,  that  by 
this  time  he  will  probably  have  selected  the  branch  that  he  means  to  fol- 
low. That  branch  is  the  one  that  he  should  study  in  the  technological 
school.  Then  comes  the  time,  when  the  value  of  knowing  one  thing 
well,  will  be  apj)reciated. 

If  his  abilities  have  obtained  for  him  valualjle  employment  or  connec- 
tions which  he  is  unwilling  to  break  up  by  going  out  of  business  and 
back  to  school,  he  can  pursue  the  special  branch  of  technical  knowledge 
he  requires,  either  by  himself  or  with  the  aid  of  a  private  tutor.  If,  for 
example,  he  takes  up  one  of  the  l)ranches  of  hydraulic  engineering,  let 
him  concentrate  his  mind  upon  the  science  jjertaining  to  it.  If  he  pre- 
fers iron  bridges  as  his  specialty,  he  can  find  occupation  for  all  his 
powers  in  studying  the  api)lication  of  statical  laws  to  this  class  of  struc- 
tures. 

By  this  means,  whatever  he  tries  to  learn  he  will  probably  learn 
thoroughly  and  well.  On  the  other  hand,  if  he  attempts  to  cover  the 
whole  field  of  applied  science,  he  will  have  a  smattering  of  many  things 
and  have  nothing  well. 

To  recapitulate — let  the  earlier  studies  tend  toward  developing  the 
mind  of  tlie  student,  strengthening  his  powers  of  observation  and  judg- 
ment, and  teaching  him  to  generalize.  Then  let  him  go  into  the  field 
and  study  actual  practice,  select  his  special  branch,  and  acquire  the 
technical  scientific  knowledge  necessary  to  the  practice  of  that  branch. 
Let  him  learn  general  principles  in  the  schools  and  technical  knowl- 
edge while  in  practice. 

But  a  few  days  ago  the  greatest  of  American  raihvay  managers  and 
engineers  passed  away  from  among  us.  The  life  of  John  Edgar  Thom- 
son teaches  us  some  things  which  it  is  well  to  consider: 

First. — It  teaches  us  first  the  value  of  concentration.  He  gave  his 
whole  mind  and  heart  and  soul  to  his  business.  As  has  been  well  said  : 
"It  was  his  birthright,  his  education,  his  pride,  j)rofit  and  amusement," 
and  well  did  it  repay  him  for  his  pains. 
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Second. — It  teaches  us  the  vahie  of  tndniiKj.  The  method  and  dis- 
cipline of  his  early  engineering  studies  and  practice  were  of  the  greatest 
value  to  him  when  i-onducting  the  larger  operations  of  his  mature  life. 
His  knowledge  of  the  value  of  that  training  has  been  shown  by  the  kind 
of  men  whom  he  has  left  as  his  successors. 

Third. — We  see  that  no  man  can  hold  the  position  that  Mr.  Thomson 
did  without  a  very  broad  and  general  grasp  of  intellect.  He  may  be  a 
specialist  and  know  some  branch  of  his  profession  much  more  thoroughly 
than  the  rest  ;  he  must  have  much  special  knowledge  of  the  details  of 
aU  its  branches  ;  but  all  this  will  avail  him  nothing  unless  he  has  the 
power  of  generalizing,  which  enables  him  to  look  at  his  business  as  a 
whole  and  appreciate  the  relative  values  of  all  its  different  parts.  And 
this  power  is  naturally  given  to  but  few  men,  but  in  all  it  can  be  vastly 
increased  and  developed  by  the  jaower  of  education. 

I  wdU  conclude  this  paper  by  recommending  the  young  engineer  to 
take  for  his  mott( j  these  noble  words  of  Prof.  Clerk  Maxwell  :  ' '  Accu- 
racy in  measurement — truth  in  statement — and  justice  in  action  ;  our 
noblest  attributes  as  men,  because  they  are  the  essential  constituents  of 
the  image  of  Him,  who  in  the  beginning  created  not  only  the  heavens 
and  the  earth,  but  the  matei'ials  of  which  heaven  and  earth  are  made." 

Prof.  Estavan  A.  Fuektes. — It  seems  to  me  that  the  Society  does 
not  accord  to  our  profession  the  rank  that  it  deserves  among  those  which 
recpiire  a  lesser,  and  even  au  inferior  kind  of  mental  efltbrt  in  order  to 
be  useful  to  mankind.  This  injustice  may  be  attributed  as  much  to  de- 
fects in  our  technical  training  as  to  the  unbalanced  nature  of  our  gene- 
ral education.  No  one  will  deny  that,  as  a  class,  engineers  are  under- 
paid for  their  responsible  and  difficult  work,  and  this  fact  must  be  con- 
sidered as  a  fair  standard  for  estimating  the  value  that  the  world  sets 
upon  their  services. 

It  may  be  taken  for  granted  that  any  system  of  education  that  does 
not  tend  directly  to  fit  the  young  practitioner  for  the  successful  applica- 
tion of  the  theories  of  the  profession  will  be  a  failure.  Now,  then,  what 
is  the  theory  of  engineering,  or  what  do  we  understand  by  Civil  Engineer- 
ing V  I  cannot  accept  the  definition  quoted  by  Mr.  Clarke.  If  the  Civil 
Engineer  wields  the  "  art  of  directing  the  great  sources  of  power  in 
nature  for  the  use  and  convenience  of  man,"  what  is  there  left  for  other 
people  to  do  ?  We  only  build  roads  and  bridges,  improve  our  coasts, 
excavate  canals,  drill  tunnels,  and  perform  other  important  functions  with 
patient  toil  and,  generally,  great  expense.     However,  I  believe,  that  Civil 
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Engineering  oi;ght  not  to  cover  sucli  a  vast  field  of  action  under  one 
title.  One  by  one  the  mining,  mechanical  and  bridge  engineer  has  con- 
quered each  his  OAvn  field,  and  there  is  a  tendency,  more  or  less  recog- 
nized, towards  further  subdivision.  Almost  every  engineer  of  note  has 
a  specialty,  and  stiidy  and  ex^^erience  are  constantly  leading  hira  intf) 
untrodden  fields  of  inquiry  "in  his  own  particular  line."  Hydraulics, 
bridging,  sea -works,  manufactures,  canals,  macliinery,  railroads  and 
mining  involve  important  functions,  and  almost  every  one  of  these 
departments  is  still  further  subdivided  into  specialisms.  Now,  I  ask, 
can  any  school,  in  the  usual  time  devoted  to  technical  training,  do  justice 
to  the  general  theory  of  engineering  or  to  the  study  of  the  fundamental 
operations  claimed,  or  rather  included,  within  its  domain.  The  answer 
to  this  comprehends  the  reason  why  the  education  given  to  what  are  called 
"  engineering  graduates"  is  so  varied  and  heterogeneoiis  in  the  different 
schools  of  the  country.  Our  schools  of  engineering  do  not  represent  a 
concrete  idea.  As  I  once  -^Tote  to  the  Society*  (referring  to  statistics 
enclosed  at  the  time),  it  is  often  impossible  to  form  any  idea  from  the 
dominant  studies  in  the  curriculum,  as  to  the  natiire  of  the  courses 
taught  in  our  schools.  They  are  nearly  all  affected  h\  personal  idiosj-n- 
cracies. 

Then  as  to  method.  Some  of  tis  maintain  that  abstract  theory  will 
so  train  the  mind  that  professional  experience  Avill,  in  a  short  time,  re- 
concile the  unsophisticated  graduate  to  the  discrepancies  between  theory 
and  practice.  Also,  some  stress  is  laid  upon  the  slim  opportunities  for 
theoretical  research  after  entering  upon  active  business  life.  I  would 
take  this  side  of  the  question  if  there  were  no  alternative  between  inap- 
plicable theory  even  and  the  rule-of-thumb  ;  but,  since  our  profession 
dem'ands  the  active  exercise  of  a  variety  of  accomplishments,  if  we  can 
obtain  a  rational,  practical  education,  we  ought  to  strive  to  jaerfect  it, 
and  put  it  into  operation.  Also,  jarofessional  enthiisiasts  are  apt  to  for- 
get that  we  are  men,  above  all,  and  that  in  our  contact  with  other  men 
we  must  not  narrow  ourselves  to  being  merely  business  or  professional 
instruments.  The  great  object  of  the  engineer's  education  is  not  al- 
together technical.  A  strictly  theoretic-professional  education,  I  am 
convinced,  engenders  evil  effects,  restricting  our  capacity  for  the  enjoy- 
ment of  happiness  to  be  derived  from  our  intercourse,  as  men,  with  a 
large  variety  of  human  and  charming  beings  who  walk  other  paths  than 
our  own,  and  who  can  do  lis  much  good. 
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Referring  ourselves  to  the  avei'age  engineer,  not  to  the  man  of  genius, 
I  believe  that  the  danger  of  working  by  the  rnle-of-thumb  is  not  com- 
pletely banished  by  the  influence  exerted  by  a  strictly  theoretical  educa- 
tion, while,  on  the  other  hand,  it  tends  to  produce  Utopian  controversal- 
ists,  and  men  blind  to  the  hints  of  experience.  If  they  are  naturally 
timid  they  will  never  accomplish  anything,  and  if  they  are  plucky  they 
will  blunder  along  for  a  much  longer  period  than  they  ought. 

Another  class  of  engineers,  generally  the  older  practitioners,  believe 
that  a  young  man  should  go  into  the  field  before  entering  the  schools. 
Is  not  this  due  to  their  individual  experience  with  the  evil  effects  of  the 
jiurely  theoretical  method  of  teaching  ?  It  seems  to  me  that  there  is  an 
anachronism  in  this  sort  of  back-acting  system,  which  is  opposed  to 
nearly  all  kinds  of  experience. 

It  is  not  improbable  that  the  scope  of  our  profession  is  so  often  mis- 
understood, because  we  have  not  taken  pains  to  define  its  limits,  telling 
the  world  just  what  we  pretend  to  be,  and  what  we  are  capable  of  doing. 
If  our  attributions  were  more  specifically  known,  it  would  be  easier  to 
shake  off  the  numberless  tradesmen,  machinists,  surveyors,  and  rule-of- 
thumb  men,  who  now  find  shelter  under  the  elastic  or  ductile  name  of 
Civil  Engineer. 

I  also  lielieve  that  if  the  power  possessed  by  the  Society  in  shaping 
piiblic  opinion  should  tend  to  divide  our  profession  into  definite  special- 
ties, the  universities  and  colleges  would  bring  about  the  practicable  im- 
provement of  establishing  particular  courses  for  them.  I  see  very  clearly 
that  this  would  at  once  ameliorate  some  of  the  evils  resulting  from  our 
present  system  or  rather  necessity,  of  teaching  in  the  abstract  for  the 
purpose  of  covering  a  wide  range  of  "  applications." 

With  regard  to  the  amount  of  mathematics  that  the  engineer  should 
study,  I  should  like  to  have  the  question  settled  one  way  or  another,  after 
careful  consideration.  I  do  not  see  my  way  clearly  in  this  cpiestion,  that 
is,  to  my  mind,  more  transcendental  than  is  generally  regarded  by  most 
men  in  active  i^ractice.  It  is  true  that  there  are  very  few  cases  in  which 
the  engineer  neerU  the  higher  analysis  ;  that  not  one  in  a  hundred  uses  it 
at  all  ;  that  it  cannot  jDossibly  be  applied  unless  we  are  (piite  familiar 
with  it  ;  that,  like  correct  fingering  on  a  musical  instrument,  it  makes 
severe  demands  upon  our  time,  and  that  it  is  easily  forgotten,  because 
much  of  its  machinery  or  action  is  dexaeudent  upon  forms  or  processes  that 
must  be  memorized  for  instant  choice  when  needed.  But  Avill  engineer- 
ing thrive  without  the   higher  mathematics  ?     C:ui  we  safely  trust  to 


*'  liiring  the  services  of  the  mathematicdan"  to  work  out  our  problems  if 
either  we  cannot  understand  his  demonstrations  or  he  cannot  grasp  the 
aim  of  our  inquiry  ? 

For  the  sake  of  discussion  let  me  propose  the  following  engineering- 
specialties,  and  a  rapid  outline  for  a  course  of  studies  : 

Specialties — Eaih'oad  engineer,  bridge  engineer,  water-works  and 
canal  engineer,  hydrographic  engineer,  mining  engineer,  dynamical  en- 
gineer, geographical  engineer,  industrial  engineer. 

Requirements — PreA-ious  graduation  in  a  classical  course — a  higher 
mathematical  standard  for  admission  than  is  generally  required  at  present 
by  the  schools  ;  two  years'  abstract  study  (with  practice)  on  such  subjects 
as  form  the  common  ground- work  of  the  engineering  specialties  ;  one 
years'  additional  study  in  sciences  tributary  to  engineering  in  detail, 
together  with  a  system  of  lectures  and  recitations  under  different  special- 
ists, for  the  j)urpose  of  developing  predilections  among  the  students  for 
any  one  of  the  engineering  specialties  ;  after  the  student,  with  the  ap- 
proval of  the  faculties,  has  selected  the  specialty  best  suited  to  his  in- 
clination and  temperament  he  is  to  be  handed  over  to  the  care  of  a 
"special"  professor  for  one  additional  year,  and  this  training  to  lead  to 
a  bachelor's  degree  ;  after  two  years  of  additional  special  st/alj/  aial  prac- 
tice, the  full  or  advanced  degree  to  be  conferred. 

This  will  be  equivalent  to  six  years  of  technical  instruction,  with 
drawing,  laboratory,  field  and  machine-shop  practice,  excursions,  office- 
work,  &c. ,  besides  the  training  in  hxrna.ni.iies. 

That  six  years  is  not  too  long  a  time  for  the  purpose  no  one  will  deny, 
and  that  it  will  not  become  a  serious  bar  to  the  education  of  poor  young- 
men  can  be  proved  by  the  number  of  indigent  students  who  have  gone 
and  are  going  through  our  present  courses  in  this  University,*  and  who 
take  a  post-graduate  course.  In  fact  the  large  majority  of  our  students 
come  to  ns  from  the  ranks  of  the  indigent  grit  of  the  land. 

In  conclusion,  I  ^^ill  add  what  I  need  hardly  state,  that  I  concur  fully 
with  the  writer  regarding  the  study  of  language  and  humanizing  sub- 
jects. Technical  fitness,  per  se,  does  not  insure  engineering  success. 
Besides  professional  eminence,  the  engineer  must  j)ossess  business  capa- 
city and  tact,  and  he  is  constantly  called  upon  to  employ  language 
demanding  the  most  difficult  kind  of  eloquence.  He  can  never  follow 
the  symj)athetic  advice  of  Horace  :  "  Si  ris  me  flere  dolendnm  est 
primum  ipsi  tivi."     The  tight  pockets  of  financiers  are  j)roof  against  the 
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emotions,  ami  Mr.  Clarke's  liue  of  least  resistance  is  always  referred  in 
engineering  to  that  set  of  coordinate  axes  rei)reseuting  the  nKJst  sordid 
lines  of  hnnian  action.  Sini-e  the  engineer  nnist  use  lan^nage  elcgantly 
and  forcibly.,  his  education  should  provide  for  this  necessity. 

Mr.  Fkancis  CoiiLingwood. — In  the  admirable  pa^jer  under  discus- 
sion, it  seems  to  me  there  is  hardly  enough  stress  laid  upon  the  original 
meaning  of  the  word  "educate."  It  is  a  (piestion  whether  loitliont 
'•natural  powers"  we  could  ever  succeed  at  all  in  life.  The  process  of 
educating  is  not  alone  that  of  instructing  or  adding  knowledge  ;  it  has 
also  the  more  important  object,  as  the  word  implies,  of  leading,  drawing 
out,  and  developing  the  natural  powers  already  possessed.  It  is  just 
here  that  most  educators  in  our  schools,  high  and  low,  make  a  fatal 
mistake.  Instead  of  trjdng,  by  a  systematic  process,  to  bring  out  the 
analytical  and  synthetical  faculty,  to  educate  and  control  the  imagina- 
tion, and  to  develop  accurate  and  thorough  habits  of  observation,  their 
chief  aim  seems  to  be  to  load  down  the  memory  with  a  mass  of  facts, 
often  poorly  arranged,  and  which  the  man  has,  in  after  life,  to  sys- 
tematize for  himself. 

No  one  will  deny  that  education,  as  a  Avhole,  is  a  life-long  proces^s. 
The  writer  very  justly  observes,  that  "when  a  man  has  learned  how  to 
learn,  he  can  quickly  learn  anything."  The  important  thing,  then,  is 
to  teach  the  youth  liotD  to  learn.  In  this  -view  the  knowledge  gained 
at  the  school  becomes  the  framework  which  the  man  is  all  his  life- 
long building  upon,  and  which  he  will  make  complete  only  in  that  part, 
which  is  most  useful  to  him.  The  framework  is  essential,  the  filling  out 
may  or  may  not  be  complete. 

Applying  these  general  principles  to  the  education  of  an  engineer, 
to  what  do  they  lead  ?  Certainly,  first  of  all,  to  the  fullest  possible 
preparation  in  analytic  and  synthetic  methods.  It  may  be,  as  said  in 
the  paper,  that  an  engineer  does  not  need  the  higher  calculus  ;  but 
hf-  does  need  the  keenness  of  thought  wliich  results  from  the  precise 
applications  and  broad  generalizations  incident  to  that  study.  The  fact 
also,  that  if  necessary  he  can  make  investigations  for  himself,  Avhich 
otherwise  he  must  take  second-hand,  gives  a  feeling  of  confidence  that 
can  hardly  be  replaced  by  any  amount  of  experience. 

The  study  of  natural  science  is  an  essential.  Tliis  can  be  pursued, 
however  (as  it  is  in  some  schools),  as  a  rest  and  cliange  from  the  other. 
The  sciences  should  be  studied  in  their  broad  principles-,  and  a  thorough 
ground-work   prepared,  which  can   be  filled    out   at    leisure — the  time 
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oeeupied  need  not  be  great.  One  important  point  here,  in  to  be  lirop- 
crly  directed  Avliere  to  find  correct  infoi'mation,  then  every  man  will  study 
in  that  direction  which  his  practice  requires. 

As  to  the  languages  and  general  literature,  the  writer  is,  no  doubt, 
correct ;  the  only  question  here  will  be  as  to  what  shall  be  the  standard 
of  admission  to  the  technological  school,  where  it  would  seem  that 
special  branches  only  .should  be  followed,  and  everything  else  be  consi- 
dered preliminary. 

Every  man  will  be  a  law  to  himself,  as  to  practice  in  field  and 
office.  There  is  no  difficulty,  however,  in  so  arranging  a  course  of  study 
that  the  use  of  instruments,  and  that  observations,  measurements  and 
notes  on  structures  in  existence,  or  in  progress,  shall  make  an  essential 
part  of  it.  The  experience  of  our  best  engineeiing  schools  will  show 
that  this  method  is  producing  very  excellent  results. 

Prof.  De  Volson  Wood  : — This  j)aper  is  broad  enough  to  open  up 
for  consideration  the  whole  subject  of  education,  both  general  and  tech- 
nical ;  preparatory  and  advanced.  The  writer  makes  two  prominent 
i:)oiuts,  namely,  the  character  of  an  early  education  and  the  time  of  en- 
tering upon  a  technical  one. 

As  to  the  former — for  several  years  there  has  been  a  marked  diversity 
of  opinions  among  educators,  especially  in  regard  to  the  use  or  exclusion 
of  the  dei((/  languages  ;  which  doubtless  arose  from  the  fact  that  the 
study  of  these  occupied  the  greater  part  of  an  educational  course,  while 
the  modern  sciences  were  developing  and  attracting  the  attention  of  stu- 
dents. But  whatever  was  the  cause,  the  result  was  the  establishment  of 
course^  of  study  from  which  all  foreign  languages  were  excluded  ;  these 
in  many  instances  have  been  modified  to  admit  modern  languages,  and 
thereby  made  more  literary.  This  caused  a  change  in  the  old  classical 
courses — so  that  the  modern  languages  were  also  taught  and  natural 
science — thereby  making  them  more  scientific. 

The  old  systems  which  have  stood  the  tests  of  time  are  worthy  of  high 
regard ;  what  was  weak  and  Avorthless  has  been  eliminated  from  them, 
and  the  useful  retained.  To-day  generally,  the  best  are  the  old  systems 
modified  instead  of  the  new  ones  introduced  but  not  established  ;  especi- 
ally^ if  the  old  contain  most  of  the  elements  needed  in  the  new.  It  is  to 
be  regi-etted  that  these  modifications  cannot  be  made  without  proposing 
the  vew  which  radically  differs  from  the  old,  but  it  becomes  necessary 
because  those  who* hold  to  the  latter  firmly  opjiose  any  change.  This  is 
illustrated  in  theology  and  politics  as  well  as  in  education. 
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I  believe  that  the  best  early  edueatiou  includes  the  study  of  one  or 
more  foreigu  lauguages,  either  live  or  di'ad — which  I  do  not  say,  perhaps 
the  latter,  it'  not  l)oth.  The  remark  of  the  writer  "that  too  much  gram- 
mar and  too  little  literature  is  taught "'  may  he  true,  but  who  shall  deter- 
mine the  proper  limits  of  each.  Too  much  literature  and  too  little  gram- 
mar would  make  surfeited  students.  I  object  to  a  "sweet-meat  "  educa- 
tion— one  that  sickens  the  stomach  without  giving  muscle  to  the  man. 
If  there  is  to  be  an  error  either  way,  let  it  be — as  in  structures  ' '  on  the 
tsafe  side  "  ;  the  toundatiou  and  frame-work  should  be  well  made.  But 
all  gi-ammar  and  no  literature  may  fail  to  present  those  attractions  which 
are  desirable  in  order  to  stimulate  the  student  to  greater  effort.  He  may 
study  grammar  from  duty  and  pursue  literature  from  a  love  of  it — both 
should  go  together.  The  same  principle  apj^lies  to  the  study  of  the 
sciences  and  of  mathematics. 

But  the  broadest  statement  in  the  paper  is  substantially  this — the  man 
having  chosen  his  profession  and  pursued  a  general  course  of  instruc- 
tion, should  go  into  practice  before  entering  upon  a  technical  course. 
It  may  be  a  sufficient  answer  to  say  that  this  is  not  the  course  pursued 
in  the  professions  of  medicine,  law  or  theology.  If  adopted,  it  would 
revolutionize  the  system  Avhich  has  grown  u^j  in  this  country,  and,  in  my 
opinion,  would  kill  aU  of  our  technical  schools.  The  idea,  in  the 
abstract,  may  be  good,  but  our  ideals  are  rarely  realized  ;  they  are  modi- 
tied  by  surrounding  circumstances.  If  there  is  any  science  in  engineer- 
ing, it  should  be  taiight  as  a  science.  If  one  goes  into  practice,  circum- 
stances may  prevent  him  from  knowing  much  of  the  profession.  He  may 
be  compelled  to  run  in  a  narrow  rut,  and  not  even  be  so  well  prepared  to 
choose  that  branch  to  which  his  tastes  are  best  adapted,  as  he  would  be, 
if  he  had  gone  over  the  several  subjects  as  taught  in  a  technical  school. 

The  plan,  too,  would  tend  to  make  the  teaching  fragmentary.  One 
man  may  decide  to  be  a  bridge-builder,  and  his  whole  purpose  would  be 
to  study  the  principles  which  pertain  to  that  subject.  He  would  care 
nothing  for  hydraulics,  or  road-making,  or  machines,  or  the  improve- 
ment of  water  communication,  or  any  other  subdivision  of  his  i^rofession. 
To  this  I  do  not  object  after  he  has  estabKshed  himself  in  his  specialty ; 
but  the  point  is,  should  not  an  Engineer  take  a  course  of  instruction 
which  wiU  cover  all  of  these,  liefore  he  devotes  himself  exclusively  to  one 
of  them.  The  evils  Avliich  would  result  could  only  be  avoided  by  shaping 
the  general  (or  preparatory)  courses  of  instruction  so  as  to  cover  broadly 
all  these  subjects. 
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But  I  thiuk  that  tlie  practical  difficulties  would  exceed  the  theoretical 
ones.  If  the  man  has  entered  on  his  jirofessiou  and  accomplished  any- 
thing for  himself,  he  may  conclude  that  he  can  "iiick  up  as  he  goes 
along,"  thus  saving  the  time  and  expense  of  a  professional  education, 
and  it  is  probable,  his  associations  and  engagements  will  be  such  that  he 
will  consider  it  impracticable  to  suspend  or  sever  them  in  order  that  he 
may  devote  two  or  three  years  to  stud^^  and  attendance  upon  lectures. 
If  "engineering  is  the  science  of  construction,"  let  it  be  taught  as 
a  science,  after  which  let  the  student  pursue  his  specialty  ;  he  will  be  able 
at  the  same  time  to  continue  study  witliout  the  aid  of  an  instructor. 

I  do  not  look  for  improvement  in  the  way  proposed.  Having  estab- 
lished good  general  and  technical  courses  of  instruction — in  order  that 
the  technical  part  shah  be  adapted  to  professional  practice,  it  is  neces- 
sary that  professorships  should  be  filled  by  practical  men — those  who 
have  worked  in  the  field  or  shops,  and  know  what  is  wanted  there  ;  and 
such  men  should  have  all  the  knowledge  required  to  enable  them  to  dis- 
cuss the  subjects  of  their  specialties  in  a  scientific  manner. 

To  secure  these  conditions  will  require  time.  Field  or  shop  i^ractice 
without  the  schools  will  never  secure  it — nor  the  schools,  without  practice. 
At  first  the  theorist  will  teach  and  his  student  may  practice,  after  which  the 
practitioner  may  become  a  professor.  Having  had  a  practical  experience 
he  will  know  what  is  best  to  omit  from  the  theorist's  course  and  what  other 
matter  should  be  added.  When  this  is  done,  I  would  heartily  approve 
as  an  addition  thereto — a  kind  of  University  course,  the  plan  proposed 
in  the  jDaper,  whereby  the  specialist  could  be  instructed  in  his  own  branch 
of  the  profession,  without  i)ursuing  other  branches. 


Eekata. — In  "  XCII,  Draw-Spans  and  their  Turn-Tables  ;"  on  page 
135,  in  columns  Z^  and  T',  for  "feet,  "read  "Multiplication  of  Power," 
and  for  "49.50,"  read  "495.0"  ;  and  on  page  136,  nineteenth  line  from 
b  ottom ,  for  "  X  / '  I'ead  "  +  • " 
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Le\'ees.  — A  levee  is  an  embaukmeut  of  earth  raised  along  the  bank  of 
a  river,  lake  or  other  body  of  water,  to  restrain  its  floods,  when  the  sur- 
face is  raised  above  the  level  of  the  lands  to  be  protected. 

The  name  is  derived  from  the  French  verb  lever,  to  raise ;  the  past 
l^articible,  leve,  raised,  by  the  addition  of  a  letter,  becomes  levee.  The 
expression  seems  first  to  have  been  used  by  the  early  French  inhabitants 
of  Louisiana,  when  they  raised  embankments  along  the  Mississippi  river, 
in  front  of  New  Orleans  and  vicinity,  for  protection  against  its  annual 
floods.  Like  barriers  used  for  the  same  purpose,  on  European  and 
Eastern  rivers,  seem  to  have  had  no  such  name.  It  is  not  found  in  the 
cyclopaedias,  which  have  ample  descriptions  of  the  vv'orks  constructed  for 
similar  purposes  in  the  East.  Most  of  the  works  for  restraining  floods 
are  differently  constructed,  and  like  miU-dams,  have  auxiliary  timbers 
or  masonry,  to  strengthen  them. 

The  Mississippi  levee,  proper,  is  a  mere  embankment  of  earth,  ele- 
vated from  materials  found  at  the  base.  It  is  the  cheapest  and  readiest 
possible  barrier  against  the  river's  flood  waters. 

Outline  oe  History  op  Levees  on  the  Mississippi  Rtvek. — The 
French  colonists  who  settled  on  the  banks  of  the  river,  at  and  about  New 
Orleans,  early  in  the  eighteenth  century,  found  that  in  the  concave  bends 
of  the  river,  the  high  waters  of  winter  and  spring  rose  above  the  front 
banks  and  poured  out  into  the  lower  grounds.  Besides,  in  extraordinary 
seasons  of  floods,  all  the  banks  were  siibmerged,  and  hence  no  portion  of 
the  river  land  was  habitable,  without  protection. 


Prepared  irom  a  paper  presented  at  the  Fifth  Annual  Convention,  May  22d,  1873. 
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The  City  of  New  Orleaus  was  located  on  a  concave  beud,  its  centre  at 
tlie  nearest  point  to  Lake  Ponchartrain,  where  the  Cathedral  now  stands, 
and  the  "Parade,"  or  Place  d'Arraes,  in  front,  is  now  called  Jackson 
square.  The  high  water-mark  was  about  3  feet  above  the  l^anks,  and 
the  levee  required  was  about  4  feet  high.  The  first  levee  constructed 
here,  a  distance  of  2,500  feet  above  and  below  this  point,  has  never  been 
materially  changed  about  its  centre.  There  has  been  neither  encroach- 
ment by  the  river  or  advance  of  the  bank,  in  front  of  the  old  city,  laid 
oiit  by  Dumont  de  Latour,  5,000  feet  front  on  the  levee  street,  and  nearly 
square.  The  survey  was  made  in  1717,  and  a  bastion  line  of  rampart, 
with  stockade  and  ditch,  passed  around  the  sides  and  rear,  l^eyond  the 
present  Rampart  street,  which  was  the  rear  line. 

The  levee  built  was,  in  fact,  a  rampart  and  circumvallation,  G  feet 
high  in  the  rear,  and  4  to  6  feet  on  each  side.  The  front  is  stated  to  have 
had  18  feet  crown  on  its  completion  in  1726,  nine  years  after  it  was 
begun.  This  is  the  oldest  embankment  known  by  the  name  of  levee  in 
the  State.  Both  sides  of  this  rampart,  and  the  rear  line,  have  been 
graded  down  for  streets,  and  the  front,  mth  the  occasional  additions 
needed  to  replace  natural  wear  and  tear,  retains  its  original  height  prob- 
ably ;  it  has  been  merged  into  the  wharf  and  sloped  into  the  street. 

In  the  year  1732,  we  learn  from  Le  Sage  du  Pratz,  that  the  planta- 
tions extended  for  30  miles  above  the  city,  and  to  the  English  Turn,  12 
miles  below;  in  front  of  which  the  proprietors  were  compelled  to  build 
levees.  Both  these  termini  reach  high  grounds,  very  rarely  overflowed, 
and  by  raising  small  guard  levees,  running  back  from  the  front,  the 
waters  discharging  over  the  banks  on  each  side  were  guided  back  to  the 
swamp,  and  thus  kept  from  the  cultivated  lands. 

The  Bayou  Bienvenu,  12  miles  below  the  city,  was  an  outlet  of  the 
Mississippi  river  into  Lake  Borgue,  and  the  high  grounds  on  its  upper 
bank  formed  the  grand  levee.  This  little  bayou,  being  cleared  oiat,  is 
now  the  channel  for  the  Lake  Borgue  Canal,  on  the  Eepose  plantation  of 
Mr.  W.  C.  Ervin.  The  present  plantation  dwelling,  by  tradition  has  an 
age  of  110  years,  and  the  levee  is  ^jrobably  the  second  built,  in  the  150 
years  of  levee  history.  Its  height  is  3.5  feet,  say  one  foot  above  the  high- 
est known  water  in  the  river,  that  of  1871. 

The  vicinity  of  the  Red  Church,  a  very  old  structure,  25  miles  above 
New  Orleans,  was  the  uj^per  limit  of  the  levees  described,  Avhere  the  bank 
has  never  changed,  and  the  levee  is  only  3  feet  high.  The  guard  levee 
here  was  but  the  earth  thrown  from  a  ditch,  on  the  north  side  of  the 
plantation.     The  extravasated  water  at  this  point  reaches  the  level  of  the 
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.swamp  of  Lake  PoiR-liai-train,  iu  two  miles  I'roin  the  front.  Considerable 
embankments  in  the  roar  of  these  plantations,  with  flood-gates  and  drain- 
ing machines,  are  necessary  to  restrain  the  lake  waters,  which  in  south- 
east storms  till  the  swamp  in  the  rear.  It  is  highly  jirobable  that  the 
levee  here  has  never  been  raised  higher  than  those  built  on  the  same  spot 
by  the  first  inhabitants,  145  years  ago.* 

The  floods  of  this  river,  in  a  state  of  nature,  kept  the  banks  well  up 
to  high  water-mark,  except  in  caving  banks,  or  concave  bends,  where 
the  height  of  banks  would  fall  2  or  3  feet  lower.  This  was  my  obser- 
vation of  the  habitudes  of  the  river,  above  Red  river,  prior  to  the 
Iniilding  of  levees.  After  the  country  was  protected  from  overflowing 
waters,  it  is  manifest  that  the  caving  banks  soon  drove  the  levees  back  to 
a  point  so  low,  that  higher  levees  were  required  to  defend  against  the 
-same  height  of  floods.  Hence,  the  common  impression  that  the  river's 
bad  is  filling,  and  the  high  water  floods  more  elevated  than  formerly. 
3Iany  banks  are  to-day  nearly  as  high  as  the  highest  water-marks. 

The  work  of  reclamation  i)roceeded  very  slowly.  The  task  was  a  great 
one,  the  inhabitants  few,  and  the  crops  produced  not  very  lucrative. 
Neither  cotton  nor  cane  was  then  extensively  grown;  but  indigo,  Indian 
corn  and  rice  formed  the  staj)les.  So  in  the  year  1752,  according  to 
Monette  and  to  Martin,  as  also  to  Pittman  in  1770,  the  extent  of  settle- 
ments was  limited  nearly  as  above  ;  but  both  sides  of  tlie  river  were 
leveed  to  some  30  miles  above,  and  only  12  or  15  miles  below — probably  20 
miles  on  the  right  bank,  down  to  the  old  Fort  St.  Leon,  now  the  planta- 
tion of  E.  F.  Villere,  Esq.f 

During  the  last  half  of  the  eighteenth  century,  the  jDrovinces  lan- 
guished. Still  fragmentary  levees  were  built,  say  25  miles  front  in  Pointe 
Coupee,  and  25  miles  on  each  side  down  the  Bayou  Lafourche.  The 
colonies  passed  into  Spanish  hands  iu  1766,  and  were  acquired  by  the 
United  States  iu  1804.  A  new  and  i^owerful  stimulus  was  given  to  the 
work  of  reclamation.  In  1812,  the  most  of  the  right  bank,  from  Pointe 
Coupee,  was  leveed,  down  to  the  lowest  settlement ;  except  where  the 
I'ountry  was  unocci;pied.  On  the  left  bank  the  le\'ees  were,  for  most 
part,  continuous  from  Baton  Rouge  down  to  about  Pointe  a  la  Hache, 
40  miles  below  New  Orleans. 

On  the  old  river  bed,  called  Fausse  Riviere,  in  Pointe  Coupee,  the 
land  had  been  so  relieved  from  overflow,  by  the  cut-oft' made  in  1722,  as 
to  render  it  habitable  with  very  small  levees.      It  was  leveed  prior  to 


*  For  30  years  the  writer  has  known  it  unchanged,  with  50  years  tradition  before. 
t  Gayare  Lectures. 
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1812.  in  tlie  i^ortions  requiring  it.  By  tlie  year  1828,  tlie  country  below 
Red  river  was  all  leveed  on  both  sides,  excejat  the  left  bank  above  Baton 
Rouge,  where  the  river  runs  along  near  the  bluffs. 

The  flood  of  1828,  exceeded  all  previous,  and  discouraged  .levee  build- 
ing. Yet  between  that  year  and  1841,  levees  were  rapidly  apj)lied  to  the 
right  bank  above  Red  river,  and  comi^leted  mainly  to  the  mouth  of  the 
Ai-kansas  ;  however,  below  Vicksburg,  the  Diamond  Island  Bend,  for  some 
25  miles  was  not  coutinTiously  or  generally  leveed.  The  levees  left  the 
river  bank  at  New  Carthage,  and  were  built  along  the  Bayous  Vidal  and 
Roundaway;  so  that  the  high  waters  of  this  bend  were  allowed  to  collect 
in  the  Roundaway  and  Willow  bayous,  and  thence  discharge  into  the 
Tensas. 

At  that  period,  however,  the  whole  alluvium,  between  the  Mississippi 
river  and  the  Ouachita  hills,  was  nearly  redeemed  by  the  levees  on  the 
Mississippi,  and  inhabitants  swarmed  upon  those  lands.  They  clamored 
for  the  completion  of  the  levees  below  Vicksburg,  because  the  floods  of 
1811-49-50-51,  drove  them  from  that  quarter  ;  they  were  answered  by 
being  included  in  the  levee  districts  and  taxed  for  levees. 

Between  the  years  1850  and  1860,  the  levees  of  the  right  bank,  from 
Cape  Girardeau  down  to  near  the  mouth  of  the  Arkansas  were  built 
piecemeal,  but  finally  were  nearly  continuous,  leaving  intervals  of  less 
than  40  miles,  when  the  war  of  1861  ended  aU  improvements. 

The  State  of  Mississippi  enacted  laws  for  the  building  of  levees  on  the 
left  bank,  from  her  northern  boundary,  Lat.  35-^,  crossing  the  Yazoo 
Pass,  12  miles  below  the  city  of  Memphis,  and  extending  down  tt)  near 
the  mouth  of  the  Yazoo  river,  say  10  miles  above  Vicksburg. 

These  levees  were  built  by  an  ad  valorem  tax  upon  the  alluvial  coun- 
ties, and  w-ere  completed  before  the  war.  However,  the  levees  were 
mainly  built  by  the  o^wTiers  of  front  lands,  and  grew  by  degrees  for  a 
number  of  years,  beginning  about  1840,  and  continuing  to  1850-51,  with- 
out other  aid  than  private  enterj)rise.  The  counties  then  were  charged 
each  with  its  own  levees,  until  about  1857,  when,  as  we  are  informed,  the 
whole  Yazoo  basin  was  made  a  single  levee  district,  and  the  levees  were 
}>uilt  by  commissioners,  with  funds  raised  from  the  entire  district.  The 
completion  of  this  system  reclaimed  an  area  of  over  6,000  square  miles 
of  the  best  cotton  lands  known  to  husbandry. 

FoiiM  AND  Dimensions  of  Levees. — We  have  no  definite  information 
as  to  the  form  and  dimensions  of  'the  early  levees,  erected  for  more  than 
100  years  upon  the  1  lanks  of  the  Mississippi  river.  The  first  levee  thrown 
up  around  the  city  of  Xew  Orleans,  we  are  told,   had  a  ci-own  of  18  feet. 


271 

but  this  Wii8  more  for  a  rampart,  public  landing-  and  walk,  than  for  mere 
defense  against  the  waters.  Such  a  crown,  with  slopes  of  two  to  one  and 
4  feet  in  height  (the  probable  average),  would  give  a  base  of  34  feet,  and 
a  cross  section  of  104  feet,  a  quantity  entirely  needless  for  a  maximum 
pressure  of  3  feet  of  water,  or  some  G  feet  at  the  rear  of  the  rampart. 

Very  many  of  the  old  Creole  levees  still  exist,  with  crown  of  4  feet 
or  less,  and  slopes  of  two  to  one  on  both  sides.  A  levee  4  feet  high,  with 
these  dimensions,  would  have  a  section  of  only  48  feet,  and  this  would 
be  entirely  safe,  even  if  built  of  the  least  tenacious  materials.  Such 
levees  are  now  found,  with  the  live  oak  and  pecan  trees,  or  other  oaks, 
planted  upon  them,  having  an  age  of  75  to  ]  00  years.  These  levees  have 
never  been  renewed,  though  occasionalh'  repaired,  to  compensate  for 
abrasions  by  being  used  as  a  foot-path  by  man  and  beast.  It  is  probable 
that  this  A^  as  a  common  form  of  levee  for  at  least  100  A^ears.  In  concave 
or  caving  banks,  of  course,  the  dimensions  were  in  proportion  to  the 
needs,  but  the  levees  were  mainly  of  this  form.  Still  a  few  on  high 
grounds  were  made  (probably  by  opulent  proprietors)  mere  elevated  pub- 
lic roads,  of  dimensions  ample  for  carriages  to  pass  each  other  on  the 
crown.  Some  of  these  still  have  the  lines  of  shade  trees  on  the  slopes 
which  pass  gently  into  the  natural  earth. 

As  a  matter  of  physics,  and  pertinent  to  levee  strength,  it  should  be 
added,  that  all  levees  of  long  standing,  have  their  front  battures  elevated 
by  repeated  overflows,  up  to  near  the  great  high  water-mark.  This  adds 
greatly  to  their  security,  and  leaves  little  for  the  levees  to  resist  in  the 
way  of  mere  pressure.  All  the  old  levees  are  covered  with  a  turf  of  Ber- 
muda grass,  which  protects  their  slopes  from  abrasion  by  weather  or 
occasional  travel,  and  this  is  now  universally  reqiiired. 

The  Louisiana  levees  of  the  early  period  appear  to  have  had  such 
dimensions  as  the  proprietors  chose  to  adopt,  with  some  local  authority 
to  compel  adequate  strength  and  height.  In  the  front  of  improved  lands 
the  stimulus  of  interest  was  generally  sufficient  to  secure  an  adequate 
levee.  Under  the  land  grants  of  the  French  Government,  the  construc- 
tion of  a  front  levee  was  a  servitude  imposed  upon  the  j^roprietor,  and  a 
condition  of  title:  this  was  generally  enforced  by  the  police  authorities  of 
the  parishes  along  the  rivers.  In  fact,  the  United  States  surveys  con- 
formed to  the  French  system,  and  Liid  out  the  lands  fronting  the  navig- 
able streams  in  the  French  form,  Avitli  a  depth  of  40  arpents,  and  con- 
tinued the  servitude  as  to  levee  building  for  many  years  after  the  cession 
of  the  territory.  But  no  form  or  special  strength  was  prescribed  by  the 
United  States.     The  police  juries  (County  Commissioners)  enforced  the 
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servitude.  Tlie  larger  levees,  such  as  that  of  Fausse  Riviere,  at  Waterloo, 
Bayou  Cat-off,  in  Lower  Concordia  ;  Bullitt's  bayou,  above  Vidalia  ; 
L'argent,  below  Waterproof  ;  Carthage,  at  Bayou  Vidal  ;  and  Provi- 
dence, at  the  mouth  of  that  lake,  were  built  under  engineering  direction 
and  advisement ;  all  others  were  measured  and  directed  by  the  parish 
surveyor,  generally  not  an  engineer,  hence  the  dimensions  prescribed 
were  various,  but  generally  sufficiently  strong  for  the  servitudes. 

We  come,  in  the  progress  of  experience  to  a  period  of  extensive  inte- 
rior settlement  on  lands  reclaimed  by  the  labors  and  expenditures  of  the 
front  proprietors,  and  at  the  same  time  to  a  period  in  wliii'h  the  servitude 
was  exhausted.  Riparian  owners  plead  their  having  built  one  levee, 
many  of  them  two  or  more,  in  retreat  from  the  caving  lianks,  and  they 
appealed  to  equity  and  sustained  the  claim,  that  all,  in  jDroportion  to 
values,  should  contribute  to  the  maintenance  of  levees,  since  all  cultivat- 
ing allu\dal  lands  were  alike  protected  by  levees. 

After  the  year  1855,  this  general  doctrine  was  adopted  above  Red 
river,  and  within  the  next  five  years,  the  same  doctrine  was  acquiesced 
in  throughout  Louisiana  and  Mississipiji.  Commissioners  were  elected  by 
the  owners  of  alluvial  lands,  for  each  levee  district  or  parish — Carroll 
and  Madison  formed  a  district,  and  the  parishes  l^elow,  down  to  Pointe 
Coupee,  inclusive,  were  made  levee  districts.  These  Commissioners 
had  ample  power  to  prescribe  new  levees  and  repairs,  to  levy  proper 
taxes  for  their  completion,  and  to  call  out  the  slaves  for  special  works, 
to  let  contracts,  and  generally  had  jurisdiction  over  all  levees.  The 
States  of  Arkansas  and  Missouri,  in  like  manner,  established  levee 
systems,  more  or  less  recognizing  the  equity'  of  a  general  tax  upon  all 
alluvial  jjroprietors.  The  fund  derived  from  the  swamp  lands  ceded  to 
the  several  States  by  Congress,  to  aid  in  their  reclamation,  was  used  for 
this  purpose. 

With  such  views  prevailing,  the  system  of  local  and  personal  respon- 
sibility was  greatly  modified,  and  whole  communities  became  suffragans, 
in  levee  voting.  The  commissioners  employed  engineers,  enacted  rules 
for  levee  dimensions,  and  raised  this  work  of  ]irotection  to  the  dignity  of 
a  profession. 

The  earliest  enactment  I  have  been  able  to  find  respecting  levees,  re- 
lates to  those  above  Red  river,  in  the  old  Parish  of  Concordia,  extending 
from  the  mouth  of  that  tributary,  Lat.  31',  to  the  upper  limits  oi  the 
State,  Lat.  33-',  a  river  distance  of  300  miles.  That  law  required  a  levee 
of  such  form  that  there  would  be  an  increase  of  base  doAvnward  from  the 
crown — thus,  the  crown  to  be  at  least  4  feet  wide,  the  slope  of  l)ase  not  less 


273 

thau  two  to  one  for  3  feet  perpendicular  depth,  aud  theuce  to  the  ground, 
for  (>aeh  foot  iu  depth,  an  increase  of  base  on  each  side  equal  to  the 
distance  of  its  ujaper  face  from  the  crown. 


Concordia  Levee,  ordained  about   1835. 

About  1854-5,  the  State  of  Arkansas,  established  by  enactment,  certain 
dimensions  and  restrictions  relative  to  levee  building,  which  was  to  be 
at  the  cost  of  the  State.  These  laws  provided  that  all  vegetable  matter 
shoidd  be  excluded  from  the  body  of  the  levees,*  the  height  was  fixed  at  30 
inches  above  high  w-ater-mark,  the  breadth  at  the  crown  made  equal  to 
the  height,  and  seven  times  as  great  at  the  base,  and  aU  public  roads 
crossing  the  levees  to  have  a  slope  of  seven  to  one. 


Arkansas   Levee  of   1854-5. 

The  State  of  Mississipi^i,  by  law  i^rescribed  that  all  levees  shall  have  a 
crown  3  feet  wide,  and  a  base  in  width  equal  to  six  times  the  height  ;  a 
levee  8  feet  high  therefore  had  a  base  of  48  feet. 

In  1850,  and  for  two  years  thereafter,  the  Senate  of  Louisiana  in- 
structed its  Committee  on  Rivers  and  Levees  to  examine  and  report  upon 
a  system  of  levees  for  the  State.  Au  elaborate  investigation  was  made, 
assistance,'  was  generally  asked  from  engineers  and  others  in  the  State 
familiar  with  the  subject,  aud  the  writer  was  employed  to  make  surveys. 
examine  the  physics  of  the  river  aud  to  devise  and  report  a  plan.  The 
report  was  printed  in  1853:  it  embraced  maps  of  the  alluvial  lands  of 
the  Mississij)pi  river  divided  into  five  districts  or  basins,  and  many 
sub-districts  or  local  basins  were  suggested  and  jDointed  out.  It  con- 
tained a  levee  formula,  the  adoption  of  which  was  urged  as  a  part  of 
the  system  jjrepared  and  commended  whereby  levees  were  to  be  con- 
structed under  State  control  and  by  a  State  Engineer  with  assistants  in 
each  district,  the  whole  cost  to  be  a  tax  on  the  alluvial  lauds. 

The  levee  formula  was  thus  stated:  /f  =  height,  6'  =  width  of  croAvn, 


*  This  exclusion  of  vegetable  matter  has  been  and  continues  to  be  exacted  all  over  tlie  levee 
region  of  the  delta. 
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5  =  that  of  base,  aud  >S'=  area  of  section,  then  relations  as  foll(jws  were 
establislied  ;  G  =  JT  and  B^=H^,  whence 

IP  +  TP 


S  = 


2 


The  land  slope  was  taken  at  tAvo  to  one,  aud  the  river  slope  at  five  to 
one.  "A  close  fitting  horizontal  cypress  board  fence,  secured  to  posts," 
was  "to  be  planted  2  feet  in  the  ground,  be  buried  in  the  levee  under 
the  front  edge  of  the  crown,"  and  rise  above  high  water-mark.* 


Forshey's  Levee  of  1850. 

The  levee  was  not  put  in  use,  nor  was  the  State  system  adopted  which 
was  recommended.  The  dimensions  ultimately  fixed  by  enactment,  in 
1855,  but  never  very  thoroughly  put  into  use,  was  as  follows  :  every 
levee  having  3  feet  of  water  against  it.  to  have  a  base  of  five  times  the 
height  of  the  water,  and  for  each  additional  foot  of  water  pressure,  the 
base  to  be  extended  by  the  multiple  of  the  distance  from  the  crown,  say 
2  feet  above  the  water  surface.  This  was  neaiiy  the  same  as  the  Con- 
cordia ordinance,  and  the  formula  was  a  favorite  one  of  the  earlier 
French  levee  builders. 

After  the  war,  state  bonds,  payable  forty  years  from  date,  were  issued 
and  sold  to  rebuild  the  levees,  whereby  the  burden  fell  upon  the  whole 
people  of  the  state.  A  Board  of  Levee  Commissioners  was  created  in 
1859,  but  did  not  act  until  1865.  Engineers  were  employed  who  entered 
upon  the  construction  of  levees,  each  seemingly  after  his  own  method 
and  form.  Many  oi  the  large  levees  constructed  in  the  ensuing  six 
years,  have  slopes  of  two  and  five,  and  some  three  and  three  to  one  ; 
occiisionally  the  long  slope  was  l)uilt  on  the  land  side  of  the  levee. 
Within  this  period  the  state  constructed  about  14,124,371  cubic  yards  of 
levee,  at  a  cost  of  $8,245,000,  or  nearly  GO  cents  per  cubic  yard. 

After  three  years  of  most  expensive  work,  the  State  of  Louisiana 
chartered  a  company,  and  contracted  with  it  for  the  construction  and 
maintenance  of  the  levees  for  21  years,  engaging  to  pay  per  annum  ten 
l>er  cent,  of  the  cost,  computed  at  60  cents  i>er  cubic  yard,  the  whole  con- 
struction being  limited  to  15,000,000  cubic  yards,  and  to  be  built  within 
four  years  from  1871.     This  contract  was  modified  so  that  payments  are 


*  See  Senator  Kicker's  Report  published  in  1853. 
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to  be  ill  casli  and  at  a  rat(^  of  50  cents  per  cuT)i(^  yard;  the  amount  and 
location  to  1)e  iirescribcd  annually  by  a  Coniniission  of  Engineers  cliosen 
respectively  by  the  Governor  of  the  State,  the  Levee  Company  and  the 
President  of  the  United  States  ;  the  commission  to  determine  the  form 
and  dimensions  of  all  new  levees,  and  locate  them  on  the  ground — from 
their  award  there  is  no  appeal.  In  addition  the  Company  is  to  keep  up 
or  repair  levees,  for  a  fixed  amount  of  money,  realized  from  a  two  mill 
tax  on  all  the  property  of  the  State.  These  amounts  will  not  probably 
faU  below  #1,000,000  annually,  and  may  reach  $1,200,000.  The  work 
done  under  the  contract,  before  modification,  in  the  two  years  of  the 
company's  life,  was  3,630,000  cubic  3'ards. 

The  length  of  levees  on  the  Mississippi  river,  existing  and  required, 
may  be  summed  nj)  as  follows : 


Louisiana. 


Missouri. 


Mississipiii 


I  Left    Bank— Fort  St.  Philip  to  Batou  Kouge 

J  Right     "        Fort  Jackson  to  Lafourche  Bayou 

j  Donaldsonville  to  Red  River 

i  Red  River  to  Arkansas  Jjine 

f  Moutli  of  the  Arkansas  River 

J  Up  the  Arkansas  River  to  Pine  Bluff 

j  White  River  to  Helena 

[state  Line  near  Hickman 

state  liine  to  Cairo,  i3:  Commerce,  30 

Cape  Girardeau 

Left  Bank,  VicUsburg  to  Memphis,  less  20  miles 

Total 

The  length  built  by  Louisiana  should  be  increased  by: 

Red  River     

Black  River  and  Tensas 

Atchafalaya 

De  Glaize 

Lafourche 

Plaquemines 

Fourdoche  and  Grosse  Tete 

Old  River 

Rouge  and  Bceuf 

-Altogether  making  the  Mississippi  front 

To  which  add  the  amount  above 

And  Old  River  Lakes  as  follows : 

Concordia 

St.  John 

Bruin 

St.  Joseph 

Providence 

Whence  total  length  of  levees  in  Louisiana 


Miles. 
205 
135 
157 
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109 
40 
96 

300 


77 
380 


200 
260 
90 
40 
150 
20 
20 
20 
40 


780 

775 
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If  the  levees  that  have  been  relniilt — 500  miles  of  the  very  largest  class 
in  the  concave  l>euds — are  added,  the  cubic  contents  would  be  swelled  by 
half.  At  a  moderate  estimate,  the  first  amounts  to  50,000,000  and  the 
other  to  25,000.000  cubic  yards,  making  the  total  constructed  by  Louisiana 
alone,  the  enormoiis  sum  of  75,000,000  cubic  yards,  equivalent  to  twenty- 
five  pyramids  like  that  of  Ghizeh. 

The  dimensions  adopted  hj  the  Commission  of  Levee  Engineers, 
October  1st,  1871,  and  now  in  use,  are  as  follows:  all  levees  below  New 
Orleans  shall  be  2  feet,  those  between  the  city  and  Baton  Eouge  2  J,  feet, 
those  from  Baton  Bouge  to  Bed  river  jiiid  above  the  Bed  river  shall  be 
3  feet  above  high  water-mark  ;  the  details  of  the  crown,  slopes  and  con- 
struction, will  l>e  prescribed  for  each  separate  levee  on  the  ground.* 
All  levees  built  without  a  covered  fence,  or  other  im2:)ervious  septum, 
shall  have  a  crown  in  width  compared  with  height,  as  follows  :  iip  to  6 
feet  high  a  crown  4  feet  wide,  for  8  feet  high  a  crown  6  feet  wide,  for  10 
feet  high  a  crown  8  feet  wide,  and  those  over  10  feet  high  a  crown  10  feet 
Avide.     The  slopes  on  each  side  to  have  3  feet  base  for  one  foot  in  height. 

What  is  eeqt:ieed. — The  Mississippi  river  flows  throughout  the  delta, 
between  alluvial  banks  of  its  own  deposit.  On  the  right  bank,  from 
Cape  Girardeau,  in  Missouri,  to  the  (lulf  of  Mexico,  the  river  nowhere 
leaves  the  uplands  ;  its  rise  and  fall  is  so  great,  and  its  deep  channel  so 
weU  understood,  as  to  justify  the  belief  that,  except  in  a  few  localities, 
the  bed  is  alluvial.  So  new,  geologically  speaking,  is  the  delta  forma- 
tion, that  its  plane  of  declivity  towards  the  sea,  has  nowhere  l>een  mate- 
rially depressed  or  elevated  by  disturbing  forces  beneath,  f  Therefore 
the  river's  high  Avater  surface  is  nearly  a  plane.  The  whole  elevation  in 
the  1,080  miles,  from  Cairo  to  the  head  of  the  passes  above  the  mouth, 
is  322  feet  ;  or  the  inclination  of  the  high  water  jjlane  is  3.5  inches  per 
mile. 

The  deiDosits  of  its  sedimentary  matter,  along  the  front  of  the  river's 
channel,  where  the  caving  is  not  perceptible,  or  is  very  slow,  have  raised 
the  banks  to  near  the  high  water-mark.  This  renders  the  height  of  the 
barrier  required  to  control  the  waters  very  moderate  along  the  less  fri- 
able banks — that  is  all  the  convex  l)anks,  and  many  of  those  that  are  con- 
cave. 

*  Note — In  consequence  of  the  reduction  of  high  water-mark  by  the  "  cut-oflfs"  above  Red 
river,  the  levees  will  not,  for  the  present,  be  built  to  grade;  biit  shall  be  3  feet  above  the  new 
high  water-mark,  as  observed. 

t  The  Madrid  earthquake  of  1811-12,  effected  a  local  disturbance,  west  of  and  parallel  to  the 
river,  depressing  and  forming  a  lake  of  80  miles  length,  10  to  30  width,  .and  5  to  20  feet  deep. 
Old  forests  of  cypress  still  stand  erect  iu  the  lake,  but  most  other  trees  have  disapiieared. 
The  plane  of  the  river's  discharge  was  not  permanently  disturbed. 
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111  ii  statt'  of  nature  an  average  of  8  feet  is  probably  a  fair  estimate  of 
elevation  of  the  Avater-mark  above  tlie  banks  ;  in  many  places  this  eleva- 
tion is  only  5  to  10  inches  ;  and  hence,  on  all  such  banks,  a  levee  of  4 
feet  would  be  sufficient  security  against  the  mere  quiet  lapse  of  the  high 
water  currents.  For  safety,  to  cover  contingencies,  the  inhabitants  built 
levees  about  one  foot  above  the  highest  known  water-mark.  Engineers, 
estimating  for  the  ravages  of  waves,  and  tl-e  attacks  of  drift-wood,  pre- 
scribe from  2  to  3  feet  surplus.  On  the  concave  banks,  the  average  high 
water-mark  may  be  placed  at  4  feet,  and  the  ordinary  levee  at  5  feet ; 
while  a  safe  levee  should  have  a  height  of  7  or  8  feet. 

But  height  is  only  one  element  of  a  well-proportioned  levee  ;  base 
and  croMTi  are  two  others  equally  important,  and  quality  of  material  is  a 
fourth.  It  is  necessary  to  resist: — First:  The  weight  of  water  multiplied 
by  its  depth,  for  each  foot  pressing  the  levee.  Second:  The  insinuating 
property  of  water,  as  shown  in  passing  between  the  particles  of  the 
material  used  in  building  the  levee;  this  is  called  '^seapage.'"  Third: 
The  impact  of  wind  waves,  an  indefinite  force.  FourtTi:  The  impact  of 
steamboat  waves,  a  definite  eflect  not  yet  measured.  Fifth :  The  oc- 
casional lodgment  of  logs  of  drift-wood,  in  such  position  as  to  be  oscil- 
lated by  waves,  and  thus  to  wear  through  the  levees.  Sixth  :  The  ravages 
of  earth -borers  and  burro  wers.  Seventh:  The  attacks  of  vicious  or 
malignant  jjersons,  so  far  as  practicable. 

These  are  the  leading  items  of  the  service  of  a  levee,  which,  with  all. 
must  cost  so  moderate  a  sum  as  to  be  afforded  by  those  who  need 
them.  The  extent  of  levees,  in  pro]iortion  to  the  lateral  distance  pro- 
tected (in  the  unfinished  condition  of  the  reclamation),  is  so  very  great, 
that  they  must  be  cheaply  built,  if  at  all.  In  truth,  in  many  river  bends, 
new  levees  have  already  been  thrown  up  on  caving  banks,  back  to  the  low 
swamps,  and  the  structures  now  required  are  of  such  magnitude  ?  as  to 
render  the  cost  an  intolerable  burden  to  the  districts  requiring  them.  "'• 


*  A  single  example  will  illustrate  how  impossible  it  will  be  for  the  people  of  these  States 
longer  to  defraj-  the  expense  of  levees.  The  Louisiana  Levee  Co.  recently  built,  in  the  parish 
of  Tensas,  320  miles  above  New  Orleans,  the  Kempe  levee,  4  miles  long,  of  18  feet  average 
height  (22.5  feet  maximum),  and  with  a  base  of  130  feet;  640,000  cubic  yards  were  paid  for  at  a 
cost  to  the  State  of  $384,000. 

~^^;;3? H.WM.        g7 


Greatest  cross-section  of  Kempe  Levee  of  1873. 
The  Kempe  plantation  has,  in  27  years,  worn  back  more  than  a  mile,  so  that  this  new  levee 
occupies  the  lowest  cypress  swamps.    (See  Map). 
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With  these  premises,  we  may  proceed  to  the  disenssiou  of  the  kind 
of  levee,  as  to  dimensions  and  material,  required  for  the  banks  of  the 
Mississippi. 

The  materials,  to  meet  the  demands  already  specified,  must  be  at 
hand,  that  is,  within  a  reasonable  barrow  wheel  of  the  base  of  the  levee, 
say  50  to  400  feet.  Within  the  distance,  along  the  entire  banks  of  the 
river,  there  are  either  river  sand,  sand  and  loam,  loam,  clay,  joint  clay, 
buckshot  or  blue  clay,  or  two  or  more  of  these  materials ;  ou  nearly 
every  mile  of  levee,  three,  and  frequentl}'  all  these  varieties  are  found. 

The  earth  materials  used  in  embankments  to  restrain  Avater  have  all 
degrees  of  tenacity,  from  mere  dead  weight  without  adhesion,  to  a  tena- 
city of  clay  that  resists  abrasion  nearly  as  well  as  glass. 

Per  cubic  foot — loose  water-rolled  sand  weighs 90  to  100  pounds. 

"        "  moist  sand  earth  ■'         128  " 

"        "  common  soil  or  loam  "        (damij.) 125  " 

"        "  clay  of  different  varieties     "         120  to  135      " 

These  materials,  loose  sand  excepted,  diii'ei-  so  little  in  their  specific 
gravity  as  to  rank  alike  in  uses  for  levees,  so  far  as  A\'eight  alone  is  con- 
sidered. Their  several  co-efficients  of  tenacity,  however,  vary  so  gradually, 
that  it  is  difficult,  without  a  test  of  the  particular  sample,  to  properly  esti- 
mate its  strength.  All  earthy  materials,  when  dry  and  pulverized,  are 
without  tenacity,  and  Avill  -l^e  moved  laterally  by  any  pressure  exceeding 
their  own  weight.  If  the  ultimate  particles  be  angular  the  friction  is 
greater  than  Avhen  they  are  round.  Water-rolled  sand  has  probably  the 
least  friction,  while,  in  proj)ortion  to  its  weight,  sharp  unrolled  sand  has 
the  greatest.  All  these  lying  on  the  earth  Avithout  being  rained  on, 
imbibe  moisture  by  capillary  action,  and  thereby  acquire  tenacity. 

A  levee  lies  above  the  ordinary  land  level,  and  is  generally  free  from 
water  on  one  side,  while  during  high  water  it  is  saturated  to  its  normal 
absorbing  capacity  on  the  other  side.  Its  tenacity,  or  resistance  to  lateral 
pressure  may  be  assumed  to  be  greatest  when  this  ajjproach  to  saturation 
is  fully  and  uniformly  reached. 

Water-rolled  sand  with  spherical  particles,  becomes  "quick"  when- 
ever saturated,  and  water  will  float  it  away  at  various  angles  of  elevation. 
It  is  worse  than  Avorthless  as  a  material  for  a  road  or  a  levee,  not  answer- 
ing either  of  the  conditions  si^ecified  ;  but  purely  water-rolled  sand  is 
rare.  Nearly  all  sand  is  more  or  less  angular,  even  the  sea  sands  of  the 
Gulf  beach,  though  these  are  somewhat  worn.  Sands,  from  absolutely 
sharp  to  purely  spherical,  have  all  degrees  of  quickness.  The  river  aUu- 
Adal  sands  are  not  generally  very  quick,  and  most  of  them  give  strengih  to 
levee  material. 
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On  the  smiiller  front  levoes,  the  most  common  material  however,  is 
loam,  and  this,  a  mixture  of  soil,  clay  and  sand,  is  well  suited  to  small 
levees,  as  the  little  amount  of  sand  contained  increases  the  specific 
gi-avity  of  the  mixture.  The  lighter  weight  per  cubic  foot  of  sand  is 
due  to  the  porousness  of  its  mass  of  angular  particles.  Soils  and  clays 
liave  a  finer  comminution,  and  with  greater  tenacity  suri-ound  the  sand 
pai'ticles,  and  by  touching,  tie  the  moist  mass  together.  Sand  must  be 
regarded  as  collected  fragments  of  broken  quartz,  granite,  gneiss,  or  flint, 
and  each  particle  has  the  gravity  of  its  source.  The  specific  gravity  of 
these  minerals  varies  from  160  to  170,  a  third  heavier  than  loam. 

The  sand  and  clay  or  loam  levee  is  comi)aratively  safe  against  borers. 
Both  crayfish  and  muskrats  require  tenacious  material,  so  they  may  coat 
the  walls  of  their  burrows,  to  resist  water,  which  loam  and  sand  will 
not  permit.  A  levee  like  this  is  easily  cut  by  the  malicious,  abraded 
by  waves,  or  worn  by  drift  logs,  yet  most  of  our  levees  must  be  of  this 
class.  They  need  vigilant  care  and  much  repairing,  but  on  them  a  turf 
of  Bermuda  grass,  so  valuable  as  a  means  of  protection,  rapidly  grows. 

The  greatest  amount  of  tenacity  in  materials  is  found  in  the  pure 
lilue  clay,  such  as  forms  the  soil  and  body  of  the  lowest  swamps.  This 
is  where  the  last  particles,  held  in  solution  by  the  Mississippi  waters,  are 
deposited.  Where  the  greatest  strength  of  levee  is  demanded  is  where 
the  highest  embankments  have  to  be  made,  whenever  the  ravages  of  the 
river  have  driven  us  to  the  low  lands.  For  facility  of  handling  and 
increase  of  gravity  some  admixture  of  sand  is  advantageous.*  But  so 
great  is  the  tenacity  of  the  clay,  that  a  levee  built  of  it  and  well  solid- 
ified by  time,  fair  saturation,  and  drainage,  is  far  stronger  than  one 
of  any  other  earth  material.  Its  angle  of  repose  is  nearly  vertical, 
and  on  a  levee  slope,  at  60^  is  perfectly  reliable  to  resist  pressure, 
waves,  driftwood,  or  malicious  injuries  ;  a  levee  of  clay  is  equivalent  to 
one  of  loam  of  twice  the  section,  or  one  of  the  best  sand  of  four  times 
the  section.  But  the  clay  levee  more  than  all  others,  is  liable  to  the 
attack  of  earth  borers  and  burrowers.  If  Avater  is  left  standing  against 
either  side  of  its  base,  the  crayfish  (more  mischievous  and  destructive  to 
levees  than  all  otliers)  wiU  attack  and  perforate  it — drainage  alone  will 
prevent  this.  No  ditch  should  be  left  next  to  the  levee  base,  and  the 
ponds  and  liarrow-pits  should  be  drained,  then  the  crayfish  will  leiive  or 
perish.  The  same  is  measurably  true  of  muskrats,  that  frequently  infest 
the  levees  below,  but  rarely  above  Red  River. 


*  Whilu  the  hands  working  in  the  lo<iniy  material  of  the  Kempe  Levee  throw  iip  12  iiil)ic 
',  iirds  per  day,  those  working  izi  the  blue  clay  did  less  than  5  yai'ds. 
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What,  then,  is  the  formuhi  for  the  cheajDest  levee,  compatible  with 
safety  ?  No  earth  levee  is  safe  against  the  attacks  of  waves,  driftwood, 
or  malici._>us  jjersons.  But,  considering  these  risks,  and  those  from  the 
frequent  crevasses  which  destroy  pro^jerty  worth  vastly  more  than  the 
$40,000,000  the  levees  cost,  I  answer  as  follows  : 

For  a  jjure  earth  levee  of  sand  and  day  or  loam,  a  crown  equal  to 
height  (up  to  10  feet),  slopes  three  to  one  on  both  sides  ;  and  for  one  of 
joint  or  bine  dai/,  a  crown  of  6  feet,  maximum  (for  small  levees,  a  crown 
from  2  to  4  feet),  slopes  two  to  one  on  both  sides. 

In  the  first  of  these  levees,  the  excess  of  weight  and  tenacity  over 
water  pressure,  added  to  current  impact  and  wave  blows,  appears  very 
great ;  but  a  regard  for  contingencies,  as  above  described,  causes  this 
excess  in  practice.  To  illustrate,  take  a  common  levee  8  feet  high,  it 
has  a  cross-section  of  256  square  feet.  Against  the  weight  of  this  32,000 
pounds  of  earth  (at  125  pounds  per  cubic  foot),  we  have  an  aggregate 
water  pressure  from  bottom  to  surface  due  to  G  feet  head,  equivalent  to 
that  from  a  20  feet  column,  or  62.5  X  20  =  1,250  pounds  pressure  of 
Avater,  against  the  32,000  pounds  of  earth  ;  a  ratio  of  over  25  :  1. 

An  8-foot  levee  of  clay  has  a  section  of  160  feet,  and  weighs  per  foot 
in  length,  20,000  pounds.  But  I  assume  (and  can  demonstrate)  that  the 
tenacity  of  this  clay  used  on  a  levee  will  give  a  co-efficient  of  two  (or 
even  four),  and  hence  20,000  X  2  ^  40,000  pounds  resistance,  which  is 
opposed  by  1,250  pounds  pressure  ;  a  ratic)  of  over  32  :  1. 

Now  let  us  allow  for  the  impact  of  waves,  say  one  foot  high,  running 
at  15  feet  jjer  second — a  steamboat  rate.  This,  according  to  Hewson, 
gives  a  multii^le  of  three  into  the  water  striking  the  levee,  which,  for  a 
wave  one  foot  high,  is  equivalent  to  3  feet  added  to  the  20  feet,  or  about 
one-seventh  to  the  servitude  of  the  levee,  whence  the  ratio  becomes 
28  :  1.  Now,  wave-blows  occur  only  one  at  a  time,  their  impacts  are 
entirely  sej)arate  and  cannot  be  cumulated.  True,  their  abrasive  force, 
which  is  another  element  entirely,  is  very  injurious  ;  this  should  be 
guarded  against  by  other  means,  however,  than  increase  in  cross-section. 

All  this  reasoning  brings  me  to  the  main  point,  namely,  the  sugges- 
tion of  a  cheap,  simple  and  entirely  efficient  remedy  against  borers, 
burrowers,  wave-blows,  malicious  injuries,  drift-wood,  and  more  than 
all,  against  the  necessity  of  providing  a  twenty-fold  resistance  against 
attacks  upon  our  levees.  This  was  prescribed  in  the  levee  submitted  by 
me,  in  Bicker's  Senate  Kei^ort  of  1852  (see  page  8),  and  consists  of 
a  septum  or  partition,  impervious  to  water,  inserted  longitudinally, 
covered  in  the  levee,  and  descending  well  into  the  earth  beueatli  the 
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Ini.se.*  Tlic  Ix'st  and  most  t'conoinicu]  is  a  cypress  board  fence  close- 
littiug,  the  boards  lying  longitudinally  and  lapping  on  the  edges  in 
Aveather-boavd  I'cn-ni.  to  be  securely  spiked  to  posts  set  3  feet  in  the 
ground,  the  ditch  in  lieu  of  the  ordinary  muck  ditch  to  be  cut  as  low, 
the  fence  started  from  its  bottom,  the  posts,  say  3  by  6  inches,  placed  10 
feet  apart  and  the  boards  secured  at  each  lap  edge  by  wrought-iron 
nails  clinched  midway  between  the  posts.  The  lumber  in  a  10-foot 
levee  amounts  to  onlv  12  feet  per  running  foot,  and  costs  al)out  50  cents. 


Foishey's  Levee. 

Tliis  fence  thus  placed  in  the  body  of  the  levee,  is  equivalent  in 
strength  to  earth  3  feet  in  width,  or  li  cubic  yards,  and  a  levee  including 
it  would  cost  little  more  than  one  of  earth  with  3  feet  increase  of  crown. 
But  with  this  impervious  partition,  there  is  no  possil)le  danger  from 
burrowers  or  borers,  which  can  neither  penetrate  iior  flank  it.  Even 
the  muskrat  or  the  beaver  cannot  gnaw  a  plane  surface.  Should 
waves  or  currents  wear  into  the  levee  to  the  distance  of  the  front  of  the 
crown,  they  will  be  met  by  this  best  of  all  revetments,  which  they  attack 
in  vain.  If  a  drift  log  is  so  lodged  as  to  vibrate  and  wear  away  the 
levee  front,  it  reaches  this  barrier,  and  suspends  its  encroachments. 

Whenever  the  material  of  the  levee  is  of  a  character  to  permit  seapage 
or  permeation,  the  water  finds  its  way  only  to  the  partition,  leaving  the 
body  of  the  levee  lieyond  the  fence  in  a  condition  of  dampness,  favorable 
to  maximum  tenacitv'.  But  if  from  imperfect  construction  a  very  little 
water  penetrates  the  barrier,  it  is  taken  uji  near  the  lioiut  of  leakage, 
absorbed  by  the  neighboring  mass,  and  dissipated  in  evaporation  from 
tlie  surface  of  the  levee. 

Should  a  malicious  person  attempt  to  cut  the  levee,  this  coutiuuous 
partition  will  deprive  him  of  the  aid  of  the  abrading  water,  and  before 
he  can  let  any  escape,  he  probably  wiU  be  detected. 


*  From  stubborn  prejudice,  this  plan  slept  twenty  years  untried,  while  throughout 
the  area  of  civilization  thousands  of  novelties  in  engineering  were  devised,  adopted  and 
canonized.  In  October,  1871,  the  Commission  of  Levee  Eugiueers  adopted  it  for  large 
levees,  and  it  was  used  for  some  miles.  The  specifications  in  the  contract  required  the 
horizontal  boards  to  be  added  as  the  embankmeut  ascends,  one  at  a  time,  so  as  not  to  inter- 
fere with  the  runs  of  the  workmen,  the  earth  to  be  well  rammed  in  the  ditch  and  up  both 
sides  of  the  fence  to  the  top,  and  the  fence  was  located  beneath  the  front  edge  of  the  crown 
of  the  levee.  These  levees  have  never  leaked,  even  when  pressed  by  12  to  15  feet  of  water. 
T'ndcr  always  damp  ground,  cypress,  heart-pine,  mulberry,  cedar,  and  most  good  timber,  lasts 
iudefiuitely. 
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Whenever  (and  this  oceasionalh'  happens)  a  crevasse  och-uvs  from  the 
caving  of  the  river  banks,  carrying  away  a  portion  of  the  levee,  fence  and 
all,  the  two  ends  left  standing  aiford  comjilete  protection  against  rapid 
abrasion,  and  the  work  of  closing  the  crevasse  is  limited  nearly  to  the 
opening  first  made. 

Thus  all  bnt  the  first  and  last  of  the  eight  servitudes  .of  levees  before 
enumerated  are  effectuallj'  disposed  of  ;  what  relation  this  method  has 
to  the  last  and  first  of  these  requirements — the  lateral  pressure  of  the 
water,  and  the  economies  of  construction — is  still  to  be  considered. 

As  to  mere  pressure,  it  has  been  shown  that  the  sand  and  loam  levee 
of  the  Louisiana  Commission  of  Levee  Engineers  now  in  use,  has  a 
resistance  to  lateral  pressure  of  more  than  25  :  1,  or  if  the  impact  of 
waves  is  added,  about  22  :  1.  The  same  levee  with  land  slope  reduced 
to  two  to  one,  as  fixed  where  the  fence  is  used,  has  still  an  earth  resist- 
ance of  20  :  1,  independent  of  the  fence  ;  the  clay  levee,  with  its  double 
strength,  due  to  tenacity  (retaining  the  same  formula  for  all  kinds  of 
material),  resists  in  a  ratio  of  nearly  50  :  1,  and  when  the  fence  is  used, 
after  all  reductions  allowed  by  the  Commissioners  for  wave-blows  and 
land  slope  has  been  made,  this  ratio  is  stiU  i5  :  1. 

This  method  of  construction,  therefore,  satisfies  the  conditions  for 
which  the  enormous  resistance  was  provided.  Shall  not,  then,  a  levee 
be  constructed  under  the  same  idea  as  a  bridge,  or  an  arch,  with  special 
reference  to  its  uses  and  servitudes,  and  an  ample  "co-efficient  of 
safety "  ?  Let  ten  be  assumed  for  this  co-efficient,  and  the  form  and 
dimensions  of  levee  be  determined  in  accordance  therewith ;  adopt  a 
land  slope  of  45° — the  angle  of  reisose,  give  the  levee  a  crown  of  4  feet, 
and  if  8  feet  high,  the  cross-section  will  be  96  feet,  and  the  resisting 
weight  12,000  pounds,  whence  disregarding  tenacity,  the  ratio  of  resist- 
ance to  pressure  will  be  nearly  10  :  1. 

The  slope  of  rej)ose,  under  water,  of  earth  is  about  GO'  ;  hence,  with 
this  slojie  a  crown  of  more  than  2  feet  wide  is  unnecessary,  since  at  the 
high  water-line,  2  feet  below  the  crown,  the  levee  thickness  would  be  8 
feet.  Adopting  this  width,  a  levee  with  fence,  may  be  constructed 
having  a  co-efficient  of  safety  of  about  twelve  in  the  weight  of  earth 
alone,  the  land  and  water  slope  being  limited  to  the  angle  of  repose  foi- 
clay  or  other  material  used.  For  additional  security  in  important  locali- 
ties, large  levees  and  permeable  material,  the  board  fence  may  be  doubled 
and  built  edge  to  edge  vvith  broken  joints  ;  since  thereby  the  cross- 
section  of  earth  may  be  reduced  from  256  to  112  feet,  the  additional  ex- 
pense will  be  small,  and  the  security  against  seapage  efi"ectual. 
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To  prevent  abrasion  on  the  front  of  levees  long  exposed  to  the  waves 
of  high  water  such  as  those  below  New  Orleans  and  in  many  localities 
above,  requires  a  special  provision.  A  double  plank  revetme^t,  of  good 
material,  pressed  well  into  the  ground  in  front  of,  and  forming  the 
outside  slope  of  the  levee,  with  slope  one  and  one-half  to  one,  has  been 
used  with  excellent  eft'ect.  Wherever  the  buried  plank  fence  is  not 
required,  this  protection,  if  the  levee  is  much  exposed  t<i  waves  and 
driftwood,  may  be  used. 


Forshey's  .Levee,  (double  board  fence). 

The  encroachments  of  the  river,  along  caving  banks  render  it  neces- 
sary in  many  cases  to  retire  inland  1,500,  even  3,000  feet,  to  sufficiently 
protect  during  their  life  (usually  twenty-five,  years)  the  very  large 
embankments  thrown  ui?.  This  often  excludes  a  whole  plantation, 
lea\ang  exposed  the  very  property  to  be  protected,  and  the  owner  has 
but  little  courage  or  interest  in  sustaining  an  improvement  which  thus 
may  ruin  his  home  or  plantation.  Therefore,  if  practicable,  a  levee  should 
be  devised  that  may  be  retired  before  the  advancing  river  and  erected  in 
a  new  location,  thus  saving  the  great  cost  of  new  earthen  embankments, 
and  protecting  instead  of  destroying  the  best  portion  of  the  jjlantation — 
that  nearest  the  river  edge. 

The  large  expense  of  a  jjortable  levee  is  the  chief  obstacle  to  its 
adoption.  One  may  be  constructed  of  iron  as  sketched  and  estimated 
on  following  page,  15  feet  high  for  $81.80,  and  10  feet  high  for  .1^20.50— 
per  running  foot. 

The  Kempe  levee,  if  cou.structed  on  this  plan,  would  have  cost  per 
running  foot  twice  as  much  as  it  did,  but  the  length  could  have  been 
reduced  from  20,000  to  14,000  feet,  and  the  annual  expense  of  wear  and 
tear  and  expense  of  removal,  would  have  been  but  20  per  cent,  of  the 
other  ;  excepting  the  timber,  the  material  would  have  been  good  for  at 
least  fifty  years,  when  another  removal  might  be  demanded,  and  by  it  200 
acres  of  tillable  land  would  have  been  saved.  In  this  instance  (as  subse- 
quently proved),  removal  would  not  have  been  necessary  ;  for  the  river 
has  reacted  and  ceased  its  ravages  in  all  the  upper  portion  of  this  bend. 

Moreover,  in  many  cases,  as  at  Ashton,  near  the  upper  boundary  of 
24 
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Louisiana,  the  floods  of  a  few  years  build  up  by  deposit  tlie  lauds  thrown 
out,  and  almost  entirely  reclaim  them.  In  such  places  a  small  earthen 
levee,  constructed  on  the  river  front,  is  sufficient,  hence  if,  instead,  a 
portable  levee  were  used,  it  could  afterward  be  removed  to  some  other 
locality  demanding  it. 

c 

I  b 

A 


Forshey's  Portable  Levee. 

Plates(CZ>),  18  feet 324  pounds. 

Beams  (g  r  s),  6  X  6,  5  X  5.  S'Hd  4  X  *  iiiolies 45        " 

Braces  (m),  4X4  iuclies,  18  feet  long,  {n)  5  X  5  inches,  12  feet 

long,  and  (p)  6  X  6  inches,  7  feet  long 303        " 

Ties  (<),  4  inches  X  H  feet,  and  (v),  4  inches  X  "  feet 108 


Weight  of  iron 

Timbers  {w,  x,  y,  z),  16  feet;  piles  and  caps  [G  H),  21  feet  r^  37 
feet,  worth 


at  4  c.      S31  20 


Cost  of  portable  levee  15  feet  high $31  80 

The  portable  levee  is  commended  with  much  earnestness,  for  all 
places  on  the  river  demanding  a  high  barrier  against  the  floods.  All 
levees  of  10  feet  water  mark  should  be  of  this  kind,  if  on  a  ca\'ing  bank; 
and  those  of  5  to  10  feet  water-mark  should  have  the  impervious  board 
partition.  These  two  improvements,  ^^■ith  the  reduction  in  section  thus 
made  practicable,  will  lighten  the  levee  burden  by  one-half  in  total  cost, 
and  afford  a  security  against  floods  and  crevasses  never  yet  enjoyed. 

When  it  is  considered  that  the  area  of  land  in  the  Mississippi  delta, 
which  levees  only  can  protect,  is  about  38,700  square  miles,  not  more 
than  one-tenth  of  which  is  inhabited  and  cultivated  (chiefly  because  of 
inadequate  levee  protection),  while  more  than  four-fifths  of  the  delta  is 
habitable  and  of  unexampled  fertility,  the  motive  to  reclaim  it  from  the 
floods  for  the  uses  of  man  should  prompt  the  ambition  of  the  engineer, 
the  philanthropist  and  the  statesman. 


DISCUSSIONS 


ON  THE  PBOPOBTIONS  OF  THE  HEADS  OF  EYE-BAKS. 

Mk.   Chables  Douglas  Fox   (of  Loudon,   England).!— I  liave  tried 


several  forms  of  links  for  India,  and  herewitli  present  a  sketch  for  the 
information  of  members,  showing  that  form  of  head  and  size  of  pin 
which  I  have  found  to  give  the  best  result,  and  which  I  am  now  largely 
adoi^ting. 


ON   UPEIGHT   ABCHED   BEIDGES.J 

Me.  Squiee  Whipple. — Pei'mit  me  to  submit  the  following  compara- 
tive estimate  of  the  amount  of  iron  in  the  trapezoidal  truss,  and  in  the 
uj^right  arch  bridge,  reduced  to  like  spans  and  conditions. 

The  bridge  over  the  Erie  Canal  on  the  Renselaer  &  Saratoga  R.  E. ,  is 
149  feet  long,  and  beHeved  to  be  the  first  iron  trussed  railroad  bridge  of 
so  long  a  span  built  in  America.  It  is  a  single  track  bridge,  projiortioned 
to  carry  2  000  pounds  live  load  to  the  lineal  foot,  with  stress  of  10  000 
pounds  to  the  sectional  inch  of  metal,  and  contains  75  000  pounds  of  iron 
(4-  of  which  is  cast-iron),  in  trusses  and  lateral  stay  system.  Adding  25 
per  cent,  to  bring  the  live  load  up  to  2  500  jioiinds  to  the  foot,  and  dead 
load  iwoportionally,  makes  in  round  figures,   94  000  pounds.     Adding 

*  Continued  from  page  338,  Vol.  II.     t  By  note  Oct.  17th,  1874.     t  Continued  from  page  238. 
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again  25  000  pounds  for  iron  beams  and  stringers  (these  are  of  wood  in 
this  bridge),  we  have  111)  000  pounds  as  the  total  amount  of  iron.  If  we 
add  to  this  1(5  000  pounds  for  other  dead  load,  it  makes  135  000  pounds, 
which,  with  372  500  pounds  of  live  load,  makes  a  total  gross  load  of 
507  500  pounds. 

Then,  507  500  :  94  000 : :  94  000  :  say  17  400  pounds  equal  to  the  pro- 
portion of  material  required  for  self-support,  and  which  varies  as  the 
cube  of  the  length  of  span.  This  leaves  94  000—17  400=76  600  pounds 
to  sustain  other  live  and  dead  load,  varying  as  the  square  of  length  of 
span.  Then  we  have  25  000  j^ounds  in  beams  and  stringers,  which  varies 
as  the  simple  length  of  span. 

Now,  to  compare  this  Avith  a  span  of  250  feet,  we  say 

1 149»  :  250-'  :  :  17  400  :  (nearly)   82  200 

2 140^  :  250-  :  :  70  GOO  :         212  500 

3 149  :  250  ::  25  000  :  (nearly)   42  000 

Total 333  700 

for  ten  single,  or  five  double  track  spans  of  250  feet ;  to  which,  adding 
105  000  pounds  for  rails,  makes  3  502  000  pounds,  against  3  010  300 
pounds,  as  given  in  Capt.  Eads'  estimate  for  the  upright  arched  bridge  ; 
being  a  diflerence  of  some  16  per  cent,  in  favor  of  the  latter,  other  things 
being  equal. 

This  is  worth  saving,  and  if  experience  shall  prove  that  as  good 
results  in  all  respects  can  be  obtained  by  the  latter  as  by  the  former,  with 
16  per  cent,  less  material,  it  can  be  as  cheaply  manufactured  and  jjut  in 
position,  and  without  greater  cost  of  substructure,  candor  compels  the 
admission  that  he  has  made  out  a  case. 

But  the  percentage  of  saving  in  material,  as  shown  in  the  above  com- 
parison, Js  not  so  great,  even  if  fully  sustained  by  experimental  test,  that 
it  may  not  be  more  than  compensated  by  the  greater  simplicity  and  cer- 
tainty of  action  in  the  case  of  the  truss,  to  say  nothing  of  probable  in- 
creased cost  of  abutments  in  case  of  the  upright  arch. 

Mr.  Clemens  Herschel.* — 1.  As  regards  the  line  of  argument,  pages 
198-20C>,  of  the  paper  on  "  Upright  Arched  Bridges,"  it  is  submitted  that 
too  much  faith  has  been  given  to  the  deductions  of  a  comparison  between 
the  "rigidity"'  or  amount  of  defie:^tion  of  different  structures,  as  indi- 
cating relative  strength.  These  two  ipialities  may  be  entirely  sei^arate 
and  distinct,  and  neither  reasoning,  experiments  or  calculation  upon  the 


*  The  t'uUowiug  remarks  are  submitted  to  the  Society,  iu  answer  to  the  general  and  re- 
peated iuvitations  to  comau  ut  on  all  papers  read  before  it— anil  to  the  .special  circular  refer- 
r.u;;  to  tlie  paper  on  •■  Upri^sht  Arched  Bridges."      (September  IGtli,  1874.) 


287 

comiiiinitive  defiectiou  of  two  structures,  under  tin;  same  loads,  will 
ueeessavilv  or  always  indicate  the  comparative  weight  of  material  required 
by  these  two  structures  to  resist  the  same  loads  without  fracture  or  with- 
out exceeding  an  assumed  strain  per  unit  of  section  of  the  several  mem- 
bers ;  and,  besides  this,  as  Mr.  Macdonald  has  aptly  said,  economy  de- 
pends not  only  on  least  number  of  pounds,  but  also  on  least  jsrice  per 
pound. 

2.  To  the  six  reasons  given,  page  20G,  for  great  lightness  of  structure, 
should  not  the  use  of  steel,  instead  of  iron,  in  the  compressive  members 
of  the  top  chord,  be  added  as  an  important  factor  ? 

3.  It  is  gravely  asserted  that  the  structures  designed  in  the  paper  are 
not  "arches"  at  all,  but  simi^le  roof  trusses;  each  "half  arch"  and. 
"  counter  arch  "  constitutes,  with  its  connections,  one  rafter;  what  is 
called  in  the  paper  the  "  chord"  is  the  tie  rod  of  the  roof  truss  ;  or,  to 
explain  in  another  way,  the  bridges  shown  are  triangular  roof  trusses, 
the  two  inclined  members  or  rafters  of  which  are  "built  up"  in  the  form 
of  "fish-belly  girders."  The  structure  follows  the  laws  of  the  lever,  and 
can  be  calculated  by  the  formulas  for  single  span  girders  ;  it  does  not 
follow  the  laws  of  the  arch,  being  similar  in  this  respect  to  any  so-called 
arch,  hinged  at  the  crown  and  at  the  springings. 

The  form  of  arch  like  that  of  the  St.  Louis  bridge,  fastened  at  the 
springings,  corresponds  to  a  continuous  girder,  or  girder  with  its  ends 
"walled  in"  among  straight  girders;  by  hinging  the  arch  at  the  abut- 
ments, it  is  made  to  be  analogous  to  a  single  straight  girder  with  free 
ends  ;  by  further  adding  a  hinge  at  the  crown,  the  arch  is  converted  into 
a  roof  truss  Avithout  a  tie  rod,  or  two  curved  rafters  leaning  against  each 
other  and  two  abutments  ;  the  two  abutments  can  be  replaced  by  two 
piers  and  a  tie  rod  ;  by  introducing  verticals  and  diagonals  between  i\w, 
former  arch,  now  about  to  become  a  top  chord,  and  the  tie  rod,  also  in- 
troducing a  hinge  at  every  vertical,  a  pin  joint  bowstring  girder  is  pro- 
duced. Some  bridges  are  part  way  between  the  roof  truss  and  the  bow- 
string girder,  and  retain  the  hinge  at  the  crown  without  having  a  hing<' 
at  each  vertical. 

The  rafters  of  the  roof  truss  or  the  top  chord  of  the  bow.string  girder 
(or  any  other  girder),  may  be  solid,  tubular,  flat(asin  "  tul)ular  bridges"), 
or  itself  be  composed  of  two  parallel  chords,  connected  by  any  proper 
bridge  webbing,  or  the  two  chords  of  the  '  rafters"  or  "top  chord,"  I'e- 
spectively,  may  be  of  the  fish-belly  kind  (as  in  the  design  in  the  pai^er), 
instead  of  parallel,  or  either  one  of  them  may  be  .straight  and  the  other 
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curved,   &c.,   &g.,   of    most   of     which   severul   combinations,    examples 
might  be  adduced. 

ON    THE    EDUCATION    OF    OrVIL   ENGINEERS. 

Ml".  Thomas  C.  Clakke. — All  are  agreed  that  Civil  Engineering  being 
a  science  and  an  art,  must  be  learned  both  from  books  and  by  practice. 
Authorities  differ  as  to  the  length  of  time  to  be  spent  in  the  schools,  and 
whether  practice  should  precede  or  follow  a  course  of  technical  instruc- 
tion. No  one  will  deny  that  the  true  method  would  be  to  combine  both 
theory  and  practice  at  the  same  time.  This  is  done  to  a  certain  extent 
by  students  of  mechanical  engineering  at  the  technical  schools  at  Hobo- 
ken,  Worcester,  and  Ithaca. 

But  can  any  one  tell  how  this  system  can  be  apjjlied  to  Civil  Engineer- 
ing ?  Colleges  have  no  railroads,  canals,  nor  waterworks  to  construct, 
and  even  no  actual  surveys  to  make.  The  construction  of  public  works 
is  generally  carried  on  at  places  remote  from  the  schools.  The  student 
is  forced  either  to  go  first  to  the  technological  school  and  then  into  i3rac- 
tice  ;  or  to  reverse  the  process,  as  suggested  by  me.  Prof.  Wood  con- 
siders it  a  sufficient  answer  to  say  that  this  is  not  the  course  pursued  in 
the  professions  of  medicine,  law  and  theologj".  But  he  forgets  that  in 
the  studies  of  medicine  and  law,  practice  and  theory  go  hand  in  hand. 
A  medical  student  attends  the  clinique,  performs  actual  dissections,  and 
hears  lectures.  A  law  student  works  in  an  office,  attends  the  courts  and 
reads  law  books,  all  during  the  same  years.  How  can  students  of  Civil 
Engineering  do  this  ?  Only  by  private  studies  during  practice.  But 
this  is  too  great  a  task  for  the  energies  of  most  men.  After  a  hard  day's 
work  in  the  field,  he  must  be  an  extraordinary  ^iian  who  could  keep 
awake  over  his  Rankine. 

So  I  am  driven  back  to  my  first  laosition.  First,  get  a  good  general 
education  ;  learn  to  observe  and  to  reason  correctly,  and  to  be  accurate 
and  thorough  in  whatever  you  do.  Then  spend  several  years  in  practice. 
Learn  the  routine  of  office  and  field  work.  Learn  to  deal  with  men. 
Then  if  your  mind  is  still  Imngry  for  knowledge,  go  to  the  technological 
school  and  study  the  branch  you  mean  to  follow,  and  study  it  exhaustive- 
ly. Find  out  all  that  has  been  done,  thought  and  said  about  it,  that  is 
recorded  in  books  or  can  be  obtained  from  actual  inspection.  It  seems 
to  me  that  this  is  wiser  than  trying  to  cover  the  whole  vast  field  of  Civil 
Engineering,  which  usually  results  merely  in  acquiring  a  superficial 
knowledge  of  everything,  and  an  accurate  knowledge  of  nothing. 
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I  will  close  1)}'  relating  an  anecdote,  to  illustrate  my  meaning. 
Two  engineers  were  sent  to  make  surveys  aud  report  upon  the  im- 
provement of  an  important  river.  The  one  covered  the  whole  extent  of 
his  territory  A^ith  primaiy  and  subsidiary  triangulation.  This  took  so 
much  time,  that  he  could  only  sketch  in  the  topographical  and  hydro- 
grapliicjil  features  hastily  and  without  actual  measurement.  He  found 
when  he  got  back  to  his  office  that  his  surveys  wei'e  too  general  to  be  of 
any  use.  The  other  simply  ran  a  traverse  line  along  the  bank  of  the 
river  as  a  base,  and  at  such  points  as  he  knew  that  artificial  improvement 
would  be  required,  he  ran  lines  a  few  feet  apart  and  took  levels  and 
soundings  at  their  intersections.  When  he  got  to  his  office  he  had  all 
the  data  necessary  for  an  accurate  estimate,  and  obtained  by  no  greater 
labor  than  the  first  man  had  used.  Clearly,  the  second  man  took  the 
correct  course.  He  understood  the  Baconian  axiom  of  the  ' '  relative 
values  of  knowledges."     He  studied  what  would  b?,  of  use  to  him. 

It  is  becaTise  I  think  that  stiidents  of  Civil  Engineering  waste  much 
time  in  studying  things  that  can  be  of  little  use  to  them  as  Engineers, 
that  I  recommend  a  jireliminary  course  of  actual  practice  to  form  th6ir 
minds  in  some  measure,  and  to  direct  them  how  to  find  oTit  what  studies 
they  really  shoiild  learn. 


NOTE    ON    THE    LEVEES    OF    THE    MISSISSIPPI    KIVER. 

The  gTeat  flood  of  1874  in  the  Mississippi  Eiver,  brought  the  high 
water-mark  at  this  point,  on  the  Repose  plantation,  12  miles  below  Nevr 
Orleans,  0. 7  foot  higher  than  that  of  1871.  Portions  of  this  levee  then 
were  at  the  high  watei'-mark,  and  were  raised  slightly  to  prevent  waves, 
^c. ,  from  cutting  it. 

It  is  now  ob\dous  that  the  tAvo  cut-oflts  of  1867,  at  Palmyra  and  Terra- 
pin, Lat.  32-  and  32".  30',  abridging  the  river's  length  by  27  and  13  miles, 
respectfully,  have  congested  the  waters  in  the  channel  of  the  lower  river. 
The  flood  level  was  reduced  by  6  feet  at  Vicksburg  midway  between 
these  cut-ofits  ;  and  this  depression  was  felt,  gradually  thiniug  out  for  200 
miles  below  Red  River  ;  still,  below  Baton  Rouge,  say  250  miles  above 
the  mouth,  and  thence  to  the  Passes,  the  river  -was  higher  than  ever 
before,  by  a  foot  at  Donaldson,  and  less  at  the  English  turn. 


EREATA.^On  page  208,  thirteenth  line  from  bottom,  for  "Bienvenu" 
read  "Duprez." 
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EFFICIENCY  OF  FURNACES  BURNING  WET  FUEL. 

AS   BETERMINED    BY    EXPERIMENTS    ON    A    LARGE    SCALE. 

A  Paper  by  Professor  R.  H.  Thurston,  Member  of  the  Society. 
Bead  October  21st,  1874. 


PAET  I. 

1.  The  wi'iter  was  recently  called  upou  in  tlie  course  of  professional 
practice,  to  determine  the  relative  economical  value  of  two  forms  of  fur- 
naces which  were  in  use  for  burning  wet  fuel. 

The  use  of  fuel,  like  spent  tan  or  sawdust,  actually  wet  with  water  or 
sap,  is  so  unusual,  and  is  so  seldom  seen  by  tlie  engineer,  that  a  detailed 
account  of  an  experimental  investigation  made  upon  two  distinct  varie- 
ties of  furnace  burning  spent  tan,  wet  from  the  leaches,  will  probably  be 
considered  as  important  and  interesting,  by  the  other  members  of  the 
Society,  as  it  was  by  the  writer. 

2.  Formerly,  it  was  thought  impossible  to  burn  this  waste  i^roduct 
of  tanners,  and  it  was  either  thrown  away,  at  considerable  expense  for 
carting,  or  was  mixed  with  dry  wood  or  other  good  fuel  at  some  cost,  or 
it  was  dried  in  the  open  air  by  the  sun,  or  by  artificial  heat  in  kilns. 
Within  a  few  years,  it  has  been  found  that  with  exceptional  skill  on  the 
part  of  the  fireman  or  "  stoker,"  it  could  be  burned  with  some  success  in 
furnaces  only  differing  from  those  of  ordinary  construction  by  having 
a  brick  arch  turned  alwve  the  grates;  in  others  having  "cone"  grates 
with  sj)ecial  arrangement  and  proportions  of  air  space;  and  with  excellent 
results  in  a  furnace  having  an  overhead  brick  arch,  with  a  grate  soTJropor- 
tioned  that  a  considerable  amount  of  fiiel  could  fall  into  the  ash-jjit  and 
burn  there,  and  with  the  separate  "ovens,"  two  or  more  in  number,  so 
arranged  that  the  products  of  active  combustion  in  one  furnace  should 
be  mingled  en  route  to  the  boilers,  with  the  products  of  distillation  and 
with  moisture  expelled  from  the  fuel,  in  a  similar  adjacent  "oven,"  or 
furnace,  which  fuel  was,  at  the  same  time,  dr^ang  under  the  heat  radiated 
from  the  furnace  walls  and  arch,  and  received  from  the  fire  in  the  ash- 
pit, thus  desiccating  preparatory  to  subsequent  combustion.  The  latter 
requisite,  of  preliminary  desiccation  was  secured  also  by  a  system  of 
"alternate  firing"  of  the  separate  feed-holes  in  the  same  oven. 
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3.  The  .secret  of  sueeess  would  seem  to  be — as  indicated  by  the 
examination  of  a  large  number  and  of  a  considerable  variety  of  furnaces 
burning  spent  wet  tan  with  more  or  less  success — the  surrounding  of  the 
mass  of  wet  fuel  so  completely  with  heated  surfaces  and  burning  fuel 


that  it  may  l)e  rapidly  dried,  and  then  so  arranging  the  apparatus  that 
thorough  combustion  shall  be  secured,  and  that  the  rapidity  of  combus- 
tion be  very  precisely  equal  to,  and  shall  never  exceed  the  rapidity  of 
desiccation.      Where  this  rapidity  of  combustion  is  exceeded,  the  dry 


portion  is  consumed  completely,  leaving  an  uncovered  mass  of  wet  fuel 
which  refuses  to  take  fire,  and  then  combustion  ceased  entirely. 

In  the  ordinary  steam-ljoiler  furnace,  Fig.  1,  Avet  fuel  has  never,  so 
far  as  the  knowledge  of  the  writer  extends,  been  burned  with  even  ap- 
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proximate  success.  Withdrawing  the  grates  from  under  the  boiler,  and 
securing  a  reservoir  and  radiator  of  lieat,  by  throwing  over  them  a  brick 

arch,  as  in  Fig.  2,  gives  a  form  of  furnace, 
known  either  as  a  Morrison  or  a  Crockett 
furnace,  in  which  wet  fuel  has  been  burned 
with  partial  success,  and  when  tlw  grates- 
are  so  set  that 
some  fuel  vany 
fall  into  the 
ash-pit    as     it 

dries,  and  there  burn,  the  conditions  become  those  of  the  second  case  to 
be  described.  The  use  of  the  form  of  grate — shown  in  Fig.  8  (enlarged 
in  Fig.  4) — gi^dng  ample  space  for  fuel  falling  into  the  ash-pit,  ensures 
still  freer  combustion.  This  peculiar  form  of  section  also  secures  freedom 
from  warping  when  highly  heated. 

4.  The  first  example  of  a  furnace  burning  wet  tan — of  which  the  effi- 
ciency was  determined  by  the  Avriter,  was  of  the  kind  known  as  the 


"  Thompson  Furnace,"  which  embodies  all  of  the  favorable  conditions 
described  in  the  preceding  paragra|)h.  This  furnace  is  shown  in  section. 
Fig.   5. 

There  were  six  "  ovens "  jilaced  side  by  side,  in  two  sets  of  three 
each,  the  chimney  rising  between  them  as  shown  at  A.  The  grate 
surface  of  each  oven   wns  9  feet  long,  and  4  feet  4  inches  wide,  giving 
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ill  total  area  of  234  square  fec^t.  Each  furnace  was  charged  through 
two  holes,  B  and  ('\  in  the  top  of  the  furnace  arch,  the  jiroiJer  method 
being  to  fill  these  holes  alternately.  Tlie  grates  were  of  fine  brick,  spaced 
about  yths  inch  apart,  and  supported  along  the  middle  line  of  the  ash-pit 
by  a  brick  wall.  The  thickness  of  these  grates  was  nearly  3  inches. 
They  were  in  four  pieces,  breadthwise  the  furnace,  a  pair  on  each  side 
the  middle  wall  supported  by  abutting  against  each  other  in  a  manner 
somewhat  resembling  an  arch  of  but  two  voussoirs.  Two  doors  at  the 
end  of  each  ash-pit  permitted  cleaning  to  be  readily  effected.  The 
gasous  products  of  comlnistion  leaving  the  furnaces  entex'ed  a  "mixing 
chamber"  D,  common  to  each  set  of  furnaces,  and  thence  passed  through 
the  flues  E  E  to  the  extreme  end  of  the  boilers,  returning  through  the 
tubes  to  the  smoke-boxes  F,  and  through  the  iron  flue  G  to  the  chimney. 

5.  The  steam-boilers  were  three  in  number  of  the  j)lain  multi-tubular 
variety.  Two  were  4  feet  in  diameter,  14  feet  in  length,  and  contained 
32  four-inch  tubes  each  ;  the  other  was  5  feet  in  diameter,  12  feet  long, 
and  contained  78  three-inch  tubes.  The  total  heating  surface,  reckoning 
all  of  the  tube  surface,  one-half  the  surface  of  the  shell  and  all  of  ex-- 
posed  surface  of  the  tube  plates,  was  ajjproximately  2  000  square  feet. 
Of  this  a  portion  was  ineffective,  the  lower  tubes  being  choked  with 
ashes,  and  the  remainder  was  partly  covered  with  deposit.  The  chimney 
was  90  feet  high. 

0.  The  feed-water  was  heated  in  a  closed  heater  by  the  exhaust  steam 
of  the  engine  driving  the  machinery  of  the  tannery,  very  nearly,  if 
not  quite  to  the  boiling  point.  The  exhaust  steam  mingled  directly 
with  the  water.  On  reaching  the  tank  in  which  the  water  was  measured 
the  feed  water  had  cooled  down  to  205°  Fahr. ;  thence  it  jsassed  through 
the  pump,  and  a  considerable  length  of  pipe  across  the  street  separating 
the  engine  from  the  boiler-house,  and  finally,  around  to  the  back  end  of 
the  boilers,  where  branch  pipes  conducted  it  to  each  boiler. 

The  temperature  of  the  feed  when  entering  boilers  could  not,  of 
course,  be  determined,  but  it  was  probably  at  least  as  low  as  190^  Fahr., 
which  is  the  temperature  assumed  in  the  estimate  of  eflftciency,  and  it 
may  have  been  somewhat  lower. 

7.  The  measurement  of  the  fuel  was  made  as  it  lay  on  the  leach, 
before  it  was  disturbed  for  the  purpose  of  being  removed  to  the  boiler- 
house,  this  precaution  being  taken  to  avoid  error  arising  from  possible 
changes  of  volumes  due  to  such  disturbance.  In  one  case  this  trans- 
yjortation  to  the  furnace  was  performed  by  a  screw,  as  grain  is  some- 
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times  moved,  iind  in  the  other  (;iise  by  ears,  cajaable  of  carrying  nearly  a 
cord,  into  which  the  tan  was  thrown  from  the  leach  hj  hand,  and  then 
was  dnmped  at  the  furnace  doors.  A  careful  measurement  showed  the  full 
leach  to  contain  8.04  cords  of  tan.  From  this  0.34  cord  was  taken  to  be 
weighed  after  being  compressed  until  it  was,  as  nearly  as  could  be  judged, 
as  compact  as  when  in  the  leach. 

8.  Commencing  at  9  o'clock  a.  m.  ,  the  trial  continued  until  the  re- 
maining 7.7  cords  were  burned,  closing  at  10  o'clock  p.m. 

9.  The  feed-water  was  measured  by  cutting  the  feed-piiJe  between  the 
heater  and  the  feed-pump,  and  conducting  the  water  from  the  former  into 
a  wooden  box  18  inches  wide  and  4  feet  long.  The  pumj)  drew  the  water 
from  this  box,  which  ordinarily  stood  full  to  the  top.  Occasionally,  the 
water  supply  from  the  heater  was  shut  o&,  and  the  time  which  was  oc- 
cupied by  the  pixmp  in  reducing  the  level  of  the  water  one  foot  was 
noted.  This  was  invariably  very  precisely  4  minutes.  The  quantity  of 
water  jjumped  into  the  boiler  from  the  beginning  to  the  end  of  the  trial 
was  5,625  pounds,  or  90  ciibic  feet  per  hour. 

10.  The  cajiacity  of  the  pump  was  originally  barely  equal  to  the  re- 
quirements of  the  case,  and,  at  this  time,  its  valves  leaked  somewhat, 
making  it  necessary,  not  only  to  run  the  pumi?  at  its  full  speed  through- 
out the  trial,  but  to  keep  the  fires  considerably  below  their  maximum 
intensity  to  avoid  the  necessity  of  putting  on  the  steam  auxiliary  to 
prevent  the  water  getting  dangerously  low.  The  maximum  evaporation 
on  the  trial  was  thiis  determined  by  the  capacity  of  the  pump.  The  flue 
dampers  were  kept,  as  an  average,  something  more  than  half  open. 
The  engineer  estimated  that  1k^  could  have  biirned  the  fuel  with  nearly 
50  i^er  cent,  greater  speed,  obtaining  a  proportionally  increased  evap- 
oration, could  the  pump  have  supplied  so  much  water. 

11.  The  spent  tan,  coming  directly  from  the  leach,  was  so  wet  as  to 
part  with  its  water  when  squeezed,  wetting  the  hand.  It  had  been 
simply  drained  a  few  hours,  and  was  as  wet  as  it  could  be  without  drip- 
ping.    The  percentage  of  moisture  is  given  below. 

12.  As  the  result  of  the  trial  was  considered  a  matter  of  great  im- 
portance, both  directly  and  indirectly,  it  was  essential,  not  only  to  de- 
termine the  amount  of  water  entering  the  boilers,  but  to  determine  as 
accurately  as  possible  the  quality  of  the  steam  made,  thus  ascertaining 
how  much  water  left  the  boilers  as  steam,  and  how  much  was  "primed " 
over  from  them  unevaporated.  As,  under  the  conditions  of  this  trial, 
each  pound  of  steam  obtained  from  the  fuel  about  eight  times  as  much 
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heat  as  was  takeu  up  by  water  "primed"  out  of  the  boiler,  the  serious 
error  whieh  miuht  arise  by  creditiug  the  l'ut>l  with  the  evaporation  of  all 
water  entering  the  boiler,  iu  cases  where  even  a  moderate  amount  of 
priming  occurred,  is  evident.  Instances  sometimes  occur  in  which 
more  water  passes  off  uncvaporated  than  is  ai-tually  turned  into  steam. 
At  least  one  instance  has  occurred  in  the  experience  of  the  writer  in 
which  the  average  amount  of  water  primed  exceeded  by  more  than 
100  per  cent,  the  weight  of  steam  made,  the  percentage  of  i^riming 
as  the  expression  is  used  in  this  pajier,  being  over  60  per  cent.  The 
ei'ror  arising  from  the  neglect  of  this  circumstance  told  nearly  propor- 
tionally in  favor  of  a  ideally  very  poor  boiler.  A  good  boiler  ouglit  not 
to  "prime,"'  when  working  properly,  over  10  per  cent,  when  uni)ro- 
vided  with  superheaters;  5  per  cent,  priming  would  represent  good  work, 
and  as  low  as  3  per  cent,  has  been  attained. 

13.  The  first  precise  determination  of  the  amount  of  priming  in 
steam  boilers  was  probably  made  by  the  writer  in  November,  1S71,  at 
a  competitive  trial  of  5  steam  boilers  entered  at  the  Exhibition  of  the 
American  Institute,  the  trial  being  made  at  the  request  of  a  Committee 
of  Judges  of  which  he  was  then  Chairman.  * 

In  that  instance,  a  large  surface  condenser  of  about  1  100  square 
feet  area  of  condensing  surface  was  used,  in  which  all  of  the  steam  made 
by  the  boiler  on  the  trial  was  completely  condensed.  The  water  fed 
into  the  boiler  was  measured  by  a  meter,  and,  on  issuing  from  the  con- 
denser, was  again  caught  in  a  tank.  The  condensing  water,  which 
amounted  to  some  10  tons  per  hour,  was  measured  by  a  meter. 

The  temperature  of  the  injection  and  discharged  water,  of  the  feed, 
the  steam,  the  water  of  condensation,  and  of  the  escaping  products  of 
combustion,  were  carefully  ascertained  by  suitably  arranged  thermome- 
ters and  pyrometers,  and  were  recorded  iu  a  log  kept  by  selected 
students  of  the  Stevens  Institute  of  Technology.  The  fuel  and  the 
ashes  were  w^eighed,  and  all  data  were  obtained  and  recorded  with  the 
greatest  possible  care. 

14.  The  tabular  statement  of  the  results,  as  given  in  the  report  of 
the  Committee,  is  reproduced  as  they  are  not  otherwise  obtainable 
by  engineers  generally,  and  as  they  are  interesting  and  valuable  in 
themselves,  and  particularly,  as  affording  a  useful  standard  with  which 
to    compare    the    results    obtained    during    this    trial    of    tan-burning 


*  Trans.   American  Institute  1871-2;   Journal  Franklin   Institute  1872;   Van  Nostrand's 
Engineering  Magazine,  1871. 
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fiu-nafi's.  The  method  of  (letermining  the  i)ercentiige  of  priming  will  be 
given  l)elow.  It  should  bo  stated  that  the  Root  and  the  Allen  steam 
boilers  were  of  the  "safety"  or  "sectional"  class;  the  Phleger  boiler 
was  also  composed  of  small  tul)es,  but  was  surmounted  by  a  large  drum 
which  was  intended  to  ct)ntain  some  water,  thus  differing  essentially 
from  the  two  preceding  in  construction,  and  in  the  fact  that  no  portion 
of  the  heating  surface  was  above  the  water-line.  The  Root  and  Allen 
boilers  both  had  a  considerable  amount  of  superheating  surface.  The 
Lowe  and  the  Blanehard  were  peculiar  forms  of  multitubular  boiler,  the 
former  being  distinguished  by  having  a  peculiarly  designed  combu.stiou 
chaml)er,  and  the  latter  l)y  its  unusually  large  proportion  of  heating 
siu'face,  as  comjiared  ^^•ith  the  area  of  grate,  and  by  its  dependence  upon 
a  forced  draught.  All  of  these  boilers  gave  exceedingly  creditable  results 
at  this  test. 

16.  A  very  neat  apparatus  has  been  invented  by  Leicester  Allen,  of 
New  York,  for  determining  the  quality  of  tlie  steam  furnished  by  a  steam- 
boiler.  One  of  these  instruments  was  made  under  the  direction  of  the 
writer,  for  a  committee  of  the  American  Institute,  and  used  in  1872, 
together  with  the  api^aratus  already  described,  at  the  American  Institute 
Exhibition  of  that  year. 

17.  At  the  trial  about  to  be  described  it  was  impossible  to  condense  all 
of  the  steam  made,  and  as  no  "Allen  Calorimeter"  was  obtainable,  it 
became  necessary  to  improvise  ap^jaratus  for  the  occasion.  The  steam- 
pipe  leading  to  the  engine  was  tapped  by  a  piece  of  gas-pijie,  on  which 
was  fitted  a  stop-valve.  From  a  short  piece  of  pipe  attached  to  this  stop- 
valve  a  length  of  india-rubber  hose  was  led  to  a  convenient  point  beside 
the  boilers,  where  a  barrel  was  mounted  on  an  accurate  jilatform  scale; 
200  pounds  of  water  were  carefully  weighed  into  this  barrel,  and  when 
the  scale  beam  precisely  balanced,  the  weight  was  set  ahead  10  pounds. 
A  very  accurate  thermometer,  which  had  been  provided  by  the  writer, 
completed  this  crude  yet  satisfactory  arrangement. 

At  intervals  during  the  trial  the  stop-valve  was  ojDened,  and  after 
allowing  steam  to  blow  through  the  hose  freely  until  all  water  was  ex- 
pelled, and  the  hose  was  so  thoroughly  heated  as  to  insure  that  no  loss  of 
heat,  by  the  steam  flowing  through  it,  .should  produce  condensation  and 
render  the  results  inaccurate,  the  end  of  the  pipe  was  jilunged  into  the 
water  contained  in  the  barrel,  and  the  issuing  steam  allowed  to  condense 
until  the  rise  of  the  scale  beam  proved  10  poimds  of  steam  to  have  been 
.  added  to  the  weight  originally  placed  in  the  barrel.     The  temperature  of 
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the  wiiter  wixs  curefully  observed  at  tlie  beginning-  and  at  the  end  of  the 
experiment,  and  the  rise  of  temperature  reeoi'ded  as  a  basis  for  the 
estimates  of  priming  to  be  giveu. 

18.  It  was  (considered  advisable  to  ascertain,  if  i)ossible,  the  tempera- 
ture of  the  products  of  combustion  escaping  to  the  chimney.  No  pyrometer 
was  obtainable,  and  it  became  necessary  to  improvise  another  arrange- 
ment for  this  j)urpose.  A  mass  of  iron,  weighing  60  pounds,  was  found 
and  placed  in  the  flue  leading  from  the  l)oi]er,  where  it,  after  a  time, 
attained  the  teinpei'ature  of  the  gases  flowing  past  it.  A  wooden  vessel 
of  convenient  size  and  shape  was  oljtained,  and  50  pounds  of  Avater  were 
carefully  weighed  into  it.  At  intervals  of  two  or  three  hours  the  iron 
was  suddenly  removed  from  the  flue  and  droj^ped  into  this  water.  The 
initial  and  final  temperatures  were  noted,  and,  with  the  range,  recorded 
for  use  in  calculating  the  tem])erature  of  the  waste  products  of  combus- 
tion.    The  pressure  of  steam  was  observed  hourly. 

19.  The  collated  observations  gave  the  following  data  : 

Mean  steam  pressure  during  trial 71.4  pounds. 

Total  amount  of  spent  tan  burned 7.7  cords. 

"           "        "  water  fed  to  boilers 73  125  pounds. 

Temperature  of  water  entering  boilers 190-  Falir. 

"  "  in  determining  priming  : 

Initial.        Final.  Eauge. 

1st  observation 00=            110°  50= 

2d             "            63=       124  (11G=?)  53=(?) 

3d             "             G2-             115=  53° 

Temperature  of  water  in  determining  temperature  of  flues  : 

1st  observation G5"            119°  54° 

2d             "            G3=             122°  .59° 

Weight  of  one  cord  of  wet  spent  tan,  as  measured  in  the  loach 5  447 . 7  pounds. 

Length  of  trial 13  hours. 

20.  The  determination  of  the  total  heat  derived  from  the  cord  of  fuel 
is  the  first  and  most  important  problem.  To  solve  it,  it  is  necessary  to 
know  the  temperature  and  weight  of  feed  water,  the  weight  of  steam  pro- 
duced and  its  temx^erature,  the  weight  of  water  heated  to  the  temijera- 
ture  of  the  steam,  but  not  evaporated,  and  the  quantity  of  fuel  consumed. 
From  the  data  obtained  we  can  readily  ascertain  the  total  number  of 
units  of  heat  utilized  per  cord  of  wet  fuel  burned. 

21.  It  is  first  necessary  to  calculate  what  portion  of  the  73  125  pounds 
of  water  passing  through  the  boiler,  was  actually  evaporated.  Each 
pound  of  steam  produced,  required  for  its  generation  the  quantity  of 
heat  needed  to  raise  it  from  the  temperature  of  the  feed-water  to  that  due 
the  pressure  under  which  it  was  formed,  and  to  vaporize  it  at  that  tem- 
perature.     Each   pound  of  water,    carried  away   in  suspension   by   the 
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steam,  only  absorbed  from  the  fuel  the  amount  of  heat  needed  to  raise 
its  temperature  from  that  of  the  feed- water  to  that  of  the  steam. 

In  heating  the  water  in  the  calorimeter  used  in  testing  its  quality, 
eacii  pound  of  steam  gave  up  an  amount  of  heat  equal  to  that  which 
would  have  been  required  to  raise  its  temperature  from  that  of  the  mass 
in  the  calorimeter  at  the  end  of  the  experiment,  to  that  of  the  steam  in 
the  boiler,  and  to  evaporate  it  at  the  latter  temperature  and  pressure. 

Each  pound  of  water  entering  the  calorimeter,  surrendered  a  quantity 
of  heat  equal  to  that  needed  to  raise  its  temperature  from  the  final  tem- 
perature of  the  calorimeter  to  that  of  the  steam  under  boiler  pressure. 

22.  The  total  amount  of  heat  being  the  sum  of  these  two  quantities, 
we  may  construct  an  algebraic  equation  which  shall  embody  all  the  con- 
ditions of  our  XJi'oblem.  '-^ 

Let  H  ^  the  number  of  heat  units  per  pound  of  steam,  //.  =  the  num- 
ber of  heat  units  per  poiiud  of  water,  U  =  total  heat  transferred  to 
calorimeter,  W  =;  total  weight  of  steam  and  water,  re  =  total  weight  of 
steam  alone,  W —  ,<;  =  weight  of  water  alone. 

Then  Hx  +  h  (  W—  x)  =  IT;  or,  x  =  JL^ 

Jti 

23.  At  the  first  experiment,  the  steam  pressure,  per  gauge,  was  75 
I^ounds.  The  temperature  of  steam  at  this  pressure  is  320°  Fahr.  The 
"total  heat"  of  steam  at  320'-',  from  0'^,  and  at  75  pounds  pressure,  is 
(320—212)  0.305  +  212  -}-  66.6  =  1  211.5- . 

The  heat  transferred  to  the  calorimeter,  i)er  pounds  of  steam,  was 
therefore  1  211.5  —  110  =  1  101.5  thermal  units  in  this  experiment. 

The  heat  transferred,  per  pound  ot  water,  was  320 — 110  =  210  thermal 
units. 

The  total  quantity  of  heat  transferred  to  the  200  pounds  of  water,  by 
10  pounds  of  mingled  steam  and  water,  was  200  (llOo— 60o)  =  10  000 
thermal  units. 

10  000 

^io~-^^ 

FinaUy,  x  = =  8.87  pounds  steam. 

~210"  ~~^ 

RP'—  .-r  =  10  —  8.87  =  1.13  pounds  of  water. 
The  percentage  of  priming  was,  therefore,  11.3.     The  ratio  of  weight  of 

*  See  Report  of  Committee  on  Test  of  Steam  Boilers:  Trans.  Am.  Inst.,  1871-2. 
2H 
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8.8l  1.13 

ateam  and  water  was  y^^  =  7.85,  the  water  beiBg  ^~?,y  X  100  =  12.74 

per  cent,  of  the  steam. 

24.  The  other  experiments  were  made  with  the  steam  pressure  as  be- 
fore, and,  in  the  second,  the  valve  of  W — -Z^ comes  out  negative,  indicat- 
ing superheating.  This  may,  i)ossibly,  have  actually  occurred  as  a  con- 
sequence of  the  water  ha\ang  fallen  slightly  below  the  upper  row  of  tubes 
in  one  boiler,  but  it  is  more  probable  that  the  reading,  124'^,  does  not 
rei^resent  the  mean  temperature  of  the  mass  of  water  in  the  calorimeter. 
In  this  experiment,  the  water  was  not  as  carefully  stirred  with  the  ther- 
mometer as  in  the  other  experiments,  and  the  temperature  was  taken  at 
the  surface  of  the  water,  after  a  first  and  otherwise  satisfactory  reading 
of  116^  had  been  obtained,  but  a  second  application  of  the  steam  jet  had 
been  necessary,  to  accurately  balance  the  scale,  which  heated  the  surface 
above  the  average  temperature  of  the  mass  jsreviously  heated.  The  true 
reading  can  probably  have  been  no  higher  than  116°  or  117°,  and  it  is 
taken  for  purposes  of  calculation  at  the  former  figure,  although  the 
lowest  unrecorded  reading,  finally,  actually  obtained  at  the  middle  of  the 
well-stirred  mass  was  116-. 

10  600 

Then  x  =  T7)qF~e =  0. 6  pounds  steam, 

204     ~^ 
and  the  weight  of  water  being  10 — 9.6  =  0.4,  the  percentage  of  priming 

0.4 
was  4,  and  the  water  carried  over  weighed   q  f  X  100  =  4.3  j)er  cent,  as 

much  as  the  steam  with  which  it  Avas  mingled. 
In  the  third  experiment 

10  600 

"205^  -^^ 

-    =9.59;   W—x  =  0.4:1. 


1  096.5 
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The  j)ereentage  of  priming  was  4.1,  and  of  water  to  steam  4.2  per 
cent. 

The  mean  percentage  of  priming  was  6.47.     The  mean  percentage  of 
steam  alone  was  93.53. 

25.  The  total  cjuantity  of  heat  derived  from  the  fuel  and  taken  up  by 
the  boilers  can  now  be  divided  into  two  portions  and  each  calculated. 
The  total  weight  of  steam  produced  was  73  125  X  .9353  =  68  393.8. 
water  primed         "     73  125  X -0647=    4  731.2. 
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The  mean  j^i'essure  at  which  this  steam  was  formed  being  71.4  pounds, 
we  find  its  "total  heat"  per  iDonnd  to  be  1  210.6  thermal  units,  and  the 
heat  communicated  to  each  pound  of  feed  entering  at  190°.  and  evapor- 
ated at  this  pressure,  1  020. 6  units.  The  average  heat  received  from  the 
fuel  by  each  pound  of  water  not  evaporated  was  127  thermal  units. 

Then  68  393.8  X  1  020.6  =  69  802  712.3  units, 
and  4  731.2  X     127.0=       600  862.4     " 

Total  heat  from  the  fuel  =  70  403  574.7  thermal  units. 

Total  heat  per  cord  tan  l!j  ^0^^74.7  ^  ^  ^^^  g^i.i  units. 

^  7.7 

26.  The  usual  standard,  as  generally  acce^Dted  by  engineers  in  exam- 
ples of  this  kind,  is  the  evaporation  of  one  pound  of  water,  at  the  boihng 
point,  and  under  atmospheric  pressure. 

The  heat  required  is  the  latent  heat  at  212 -,  or  966.6  thermal  units 
per  i^ound.     We  have,  therefore — 

Equivalent  evaporation,  by  one  cord  of   wet  spent  tan,  from  212^^. 

under  atmospheric  pressure  : 

9  143  321.4       o)-Qo  i      *       . 

— -^,  ^ =:  9  4o9.2  pounds  ot  water. 

9bb.b 

27.  Under  these  conditions,  10  ^jounds  of  water  would  be  considered 
a  fair  evaporation  per  pound  of  good  coal,  and  in  this  example  therefore, 
the  furnace  utilized  from  each  cord  of  tan  the  equivalent  of  946  pounds 
of  coal. 

28.  A  quantity  of  the  tan  was  placed  in  a  "fruit  jar,"  and  hermeti- 
cally sealed.  This  tan  was  carefully  weighed  by  Prof.  Geyer,  at  the 
Stevens  Institute  of  Technology,  dried  by  exposure  to  the  air  in  the 
study  of  the  writer  for  one  week,  and  then  again  weighed  by  Prof. 
Geyer,  in  the  presence  of  the  writer.  The  weights,  before  and  after  dry- 
ing, were  respectively  656.8  grammes,  and  268.8  grammes.  This  fuel 
contained,  therefore,  59  per  cent,  water,  and  but  41  per  cent,  woody 
fibre. 

The  weight  of  a  cox'd  of  this  tan,  measured  in  the  leach,  and  then  well 
dried  in  the  o^sen  air,  Avould  be  2  233.56  pounds,  and  the  equivalent  eva- 
poration per  pound  becomes  4.24  plus  that  of  the  water  contained  in  the 
fuel,  say  1.44,  or  5.68  pounds  water  per  pound  of  combustible. 

29.  The  determination  of  the  temperature  of  chimney  flue,  or  of  the 
escai^ing  gaseous  in-oducts  of  combustion,  is  thus  made.  At  the  first  ob- 
serv^ation,  50  pounds  of  water  were  heated  from  65-^  to  119^  Fahr.,  a 
range  of  54-",  by  the  cooling  of  a  mass  of  iron  weighing  60  pounds,  from 


an  unknown  temperature  to  119°  Fahr.     The  amount  of  lieat  commu- 
nicated to  tlie  water  was  50  X  Si  =  2  700  thermal  units.     Each  pound  of 

iron,  therefore,  parted  with  — tt^t   =  "tO  ixnits  of  heat. 

The  specific  heat  of  iron  is  given  by  Watts  as  0.112.  It  reqiiires, 
therefore,  the  cooling  of  one  iJound  of  iron  through  9-  of  temperature  to 
heat  a  pound  of  water  one  degree.  The  iron,  in  the  case  considered, 
must  therefore  have  lost  45  X  ^  ^  405 -,  when  cooled  to  119 -,  and  its 
original  temperature,  and  that  of  the  escaping  gases  in  the  flue,  must 
have  been  405-  +  119  =  524-  The  second  observation,  in  a  similar 
manner,  gives  the  temperature  of  the  chimney  flue  at  564.5-. 

Watts  gives  315    Centigrade,  599-  Fahr.,  as  a  jiroper  temiDerature  with 

natural  draft.     Rankine  gives  absolute  temperature  of  external  air  multi- 

25 
plied  by  ^r^  as  the  temperature  giving  most  effective  draught.     In  this 

case,  therefore,  in  Avliich  the  average  temiaerature  of  the  air  was  74P,  the 

/      74  +  461\ 
best  temperature  of  chimney  would  have  been   (  25 — j^ j  —  461  = 

645°. 

30.  The  minute  inaccuracy  of  the  results  thus  obtained,  which  is  due 
to  changes  of  the  specific  heat  of  water,  and  of  metal,  under  varying  tem- 
peratures, is  of  no  practical  importance.  As  the  vessel  containing  the 
water  heated  was  of  wood,  in  each  case,  the  usual  correction  for  heating 
the  vessel  when  metallic  becomes  of  no  importance  also,  and  the  weight 
of  the  thermometer  being  insignificant  in  comparison  with  that  of  the 
water,  that  correction  is  unnecessary.  This  method  is  of  great  value  as 
a  last  resort,  in  absence  of  other  good  heat  measuring  appliances. 


-'^'     vVi  -  w,^ ''=3,'/': /■      ■ '■  i•^'■      -     '.'  ;'&""/ 
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PART   U.* 

31.  The  second  furnace  whicli  was  experimented  upon  by  the  writer, 
was  of  the  form  known  as  the  "Crockett."  This  form  of  furnace  is 
shown  in  Fig,  2,  and  that  here  described  was  of  the  same  general  form 
as  that  illustrated,  differing  ijrincipally  in  its  arrangement  of  bridge  walls. 

In  this  example  two  furnaces  were  constructed  side  by  side,  each 
having  a  grate  surface  of  4  x  6  feet,  the  total  grate  area  of  both  being  48 
square  feet. 

The  grates  were  of  cast-iron,  of  ordinary  form,  set  so  closely  that 
none  of  the  wet  fuel  could  fall  through  into  the  ash-pit.  It  was  stated 
that  it  was  not  intended  that  the  charred  fuel  should  fall  through  and 
burn  in  the  ash-pit. 

During  this  trial,  however,  more  or  less  burning  tan  was  continually 
falling  into  the  ash-pit  and  burning  there.  This,  undoubtedly,  assisted, 
in  some  degi-ee,  in  the  desiccation  of  the  wet  fuel,  by  direct  radiation 
of  heat,  and  by  heating  the  entering  air'as  it  passed  over  this  bed  of  hot 
coals.  To  this  extent  the  furnace  resembled,  in  its  action,  the  Thompson 
furnace,  ali'eady  described. 

Above  the  grates  a  brick  arch  was  turned,  as  shown,  a  ainst  which 
the  products  of  combustion  impinged  and  the  heat  radiated  from  the 
burning  fuel  on  the  grate,  keeping  this  arch  at  a  high  temperature,  it 
assisted  the  process  of  desiccation  of  wet  fuel,  when  first  thrown  in, 
by  strongly  radiating  upon  it  the  heat  thus  stored  up  while  the  fires  were 
most  intense.  From  the  furnace  the  gases  passed  directly  into  the  flues 
beneath  the  boiler. 

32.  The  tan,  wet  from  the  leach,  was  charged  into  the  furnaces 
through  the  doors  in  the  front,  as  in  aU  usual  forms  of  furnace,  and  the 
process  of  "firing"  differed  but  Httle  from  that  usual  with  thin  fires, 
where  coal  is  used.  The  fuel  was  thrown  in  at  intervals  of  between  5 
and  8  minutes,  the  furnace-man  taking  care,  first,  to  fill  aU  holes  in 
the  burning  mass,  and,  next,  covering  the  whole  with  a  very  evenly  dis- 
tributed and  very  thin  layer  of  fresh  fuel.  This  fresh  charge  was 
quickly  dried  by  the  heat  of  the  burning  fuel,  over  which  it  was  spread, 
and  by  the  heat  radiated  from  the  hot  furnace  arch  above  it,  and,  taking 
fire,  burned  freely.  No  special  effort  seemed  to  be  made  to '  obtain 
"alternation"  in  working  the  furnace,  but  the  irregularity  with  which 

♦Transactions  CII.  "Efficiency  of  Furnaces  burning  Wet  Fuel,"  by  Prof.   Robert  H. 
Thurston,  continued. 
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the   fuel  burned  at  diflfereut  parts  of   tlie   grate  did,   perhaps,    secure 
something  of  this  effect. 

33.  The  fuel  was  measured  in  the  leach,  as  in  the  previous  case,  and 
about  a  half  leach,  measuring  4^  cords,  was  burned  during  the  trial,  be- 
tween 8  o'clock  A.  M.  and  6  o'clock  p.  >i.  The  actual  working  time 
was  9  hours,  the  work  being  stopped  from  12  m.  to  1  p.  Ji. 

34.  The  tan  bark  burned  was  hemlock,  mixed  with  some  oak.  It 
looked  like  a  better  material  than  that  used  in  the  other  trial.  It  was 
more  cleanly  ground,  seemed  less  "soggy,"  and  had  a" much  better 
color. 

35.  The  boilers  used  here  were  two  in  number.  One  was  an  old- 
fashioned  "Cornish"  boiler,  4  feet  in  diameter  and  18  feet  long,  with 
one  24-inch  flue.  Tne  second  was  6  feet  in  diameter,  with  four  18- 
inch  flues ;  the  total  length  was  15  feet.  The  gases  from  the  furnace 
were  led  under  the  boilers,  and  then,  with  a  double  return  through  the 
boiler-flues  to  the  chimney.  The  total  heating  surface,  reckoned  as 
before,  was  very  closely  700  square  feet. 

3G.  The  flues  were  stated  to  have  been  so  long  in  use  withoiit  clean- 
ing, that  the  draught  Avas  somewhat  impeded  by  the  accumulation  of 
ashes  beneath  the  boilers,  and  that  the  rapidity  of  combustion  was  some- 
what lessened.  The  two  trials  are,  therefore,  both  to  be  taken  as  rep- 
resenting less  than  the  maximum  capacity  of  the  furnaces. 

37.  The  trial  was  made  by  a  somewhat  similar  method  to  that  adopted 
in  the  one  ali-eady  described.  The  quality  of  steam  was  determined 
similarly.  The  water  was  measured  diflferently.  In  this  case  the  capa- 
city of  the  feed-pump  exceeded  several  times  the  requirements  of  the 
boiler,  and  the  only  absolutely  reliable  means  of  determining  the  quan- 
tity of  fuel  seemed  to  be  to  measure  every  pound  going  to'  the  pump, 
thus  evading  the  uncertainty  attending  any  attemi^t  to  secure  regularity 
in  the  action  of  the  latter. 

38.  A  barrel  was  fitted  to  the  suction-pipe  of  the  pump,  and  an 
employe  of  the  Mechanical  Laboratory  of  the  Stevens  Institute  of 
Technology  was  stationed  with  a  hose  to  fill  it  with  water,  when  it  be- 
came empty,  and  to  keej)  an  account  of  the  number  of  barrels  used, 
while  an  employe  of  the  x^i'oprietors  of  the  tannery,  stationed  at  the 
pump,  checked  the  account.  All  of  the  water  fed  into  the  boilers  during 
the  trial  was  thus  measured,  and  at  the  close  of  the  trial  the  barrel  was 
taken  out,  filled  on  the  scales,  and  the  weight  of  its  contents  deter- 
mined. 
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39.  There  was  no  opening  into  the  chimney  flue  through  which  the 
escaping  gases  could  be  reached,  and  their  temi^erature  was  not  deter- 
mined. 

40.  The  amount  of  smoke  issuing  from  the  chimney  of  this  furnace 
was  considerably  greater  than  was  observed  at  the  preceding  trial,  indi- 
cating that  the  Thompson  Furnace  secured  a  somewhat  more  perfect 
combustion  than  the  Crockett. 

■41.  The  results  of  this  trial  gave  the  following  data  : 

Total  number  of  cords  of  tan  burned •t.5 

"     weight  of  water  fed  to  boilers 28  509  pounds 

Temperature  of  feed-water  entering  boilers  (estimated) 160"  Fahr. 

"  water  observed  in  determining  "priming  "  : 


Initial. 

Final. 

Range. 

Ist.  observation.. 

...  68= 

118= 

50= 

2d 

...  70° 

118= 

48= 

Initial 

3d  observation 76*^  126 

4tli  "  96=  124 


Final.      Range. 


Length  of  trial 9  hours . 

42.  Estimating  the  priming  as  before,  we  obtain  from  the  several 
observations,  which  were  made  with  the  steam  pressure,  per  gauge,  55, 
50,45  and  60  pounds,  respectively,  .c  =  9.02,  ./;  =  8.07,  .6- =  9.12,  and 
a;  =  8.55,  and  the  percentage  of  priming,  9.8,  19.3,  8.8,  14.5  per  cent. 
The  mean  of  all  observations  gives  the  average  iiercentage  of  priming  at 
13. 1  per  cent. ,  and  indicates  that  the  steam  issuing  from  the  boiler  carried 
in  suspension  15  per  cent,  of  its  own  weight  of  unevaporated  water. 

43.  We  determine  the  total  heat  from  the  fuel  thus  : 

steam  produced 28  509  X  0.869  =  24  774.32  pounds 

Water  primed 28  509  X  0-131  =  3  734.68     " 

The  mean  pressure  of  steam  during  the  trial  was  50.44  i^ounds  per 
square  inch,  and  its  temi^erature  298'^  Fahr.  Its  total  heat  at  298° 
from  0^  was  1  204.8  units  per  jjound.     Then  we  have 

Total  heat,  per  pound  of  steam 1  204.8—  160  =  1  044.8 

water 298  —  160=     138    ,  and 

Total  heat  transferred  from  fuel  to  steam 25  884  209 .  54  units. 

"  '•  "  water 515  385.84      "      and  hence 

Total  heat  transferred  from  fuel  to  feed 26  399  595.38  units. 

"        per  cord  of  wet  tan 6866576.75      " 

Equivalent  evaporation  per  cord,  water  at  212= 7  103 .  84  pounds . 

"  weight  of  coal  per  cord  of  tan '710.38       " 

44.  A  sample  of  the  fuel  used  in  this  trial  was  sealed  up,  as  before, 
and  was  similarly  weighed  at  the  Stevens  Institute  of  Technology,  diied 
in  the  air  one  week,  and  its  loss  of  moisture  determined. 
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This  sample  coutaiued  55  per  cent,  of  water,  and  45  per  cent,  ligneous 
material.  The  weight  of  the  tan  in  the  leach  was  judged  to  be  practi- 
cally the  same  as  in  the  preceding  trial,  and  the  equivalent  evaporation 

7  103  84 
per  pound    is  — ^ —  =  3.19  plus  the  water  held  by  the  fuel,  say  1.22, 

or  4.41  pounds. 

45.  Comparing  the  quantities  of  heat  actually  utilized  by  transfer 
from  the  fuel  to  the  boiler,  we  obtain  as  the  measure  of  the  actual  com- 
parative efficiencies  of  the  two  furnaces  4.24  -;- 3.19^=1.33,  the  Thompson 
excelling  the  Crockett  33  per  cent.  A  number  of  circumstances  combine 
to  make  the  actual  difference  somewhat  greater  than  the  record  here  in- 
dicates, but  this  result  may  probably  be  taken  to  rejiresent  j^ractically  the 
relative  economical  standing  of  the  two  furnaces. 

46.  Experiments  on  dry  pine  Avood,  made  by  Prof.  Johnson  during 
his  extended  and  invaluable  examination  of  American  coals,*  for  the 
U.  S.  NaAy,  furnish  a  standard  of  comparison  which  will  be  useful  here. 
One  cord  of  well-seasoned  yellow  pine  wood  weighed  2689.2  pounds — 
10  i^er  cent,  more  than  a  cord  of  thoroughly  air-dried  spent  tan  bark — 
and  one  cubic  foot  weighed  21  pounds.  Experiments  on'  evaiDorative 
power  showed,  as  a  mean  result,  an  effect  equivalent  to  the  evaporation 
of  4.69  pounds  of  water  from  212°,  under  atmospheric  pressure,  i^er 
pound  of  wood  consumed,  the  temperature  of  chimney  flue  being  315.2"^, 
and  the  wood  burning  at  the  rate  of  15.87  pounds  per  square  foot  of 
grate  per  hour,  under  a  boiler  having  a  ratio  of  heating  to  grate  surface 
of  26.83  to  1. 

47.  Comj)aring  this  result,  as  a  standard,  with  the  evaporation  ob- 
tained in  the  two  wet  fuel  furnaces,  per  pound  of  fuel,  exclusive  of  water, 

5  68 
we  get  for  the  Thompson  furnace  — —  =  1.21,    and   for  the   Crockett, 
^  4.69 

4.41 

— -— -  =  0.94.      The  Thompson  furnace  is   thus  seen  to  have  given  a 

better  result  per  pound  of  ligneous  combustible  when  burning  Avet  tan 
than  was  obtained  in  the  ordinary  steam-boiler  furnace,  burning  seasoned 
yellow  pine,  this  superiority  reaching  21  x^er  cent.  The  Crockett  fui'nace 
had  94  per  cent,  of  the  efficiency  of  the  common  wood-burning  steam- 
boiler  furnace. 

48.  The  relative  efficiency  of  fuel,  comparing  wet  tan  with  dry 
wood,  by  weight,  the  former  containing  between  55  and  60  per  cent,  of 

*  Report  to  the  Navy  Department  on  American  Coals.  By  Walter  R.  Johnson.  Wash- 
ington, 1844,  pp.  546-550. 
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water,  becomes  XlOO  =  90.4  per  cent.,  each  fuel  being  consumed 

4.69    -^  ^  ' 

under  the  most  favorable  conditions  shown  above,  and  equal  weight  of 

ligneous  fuel  being  taken  for  comparison. 

A   cord  of  dry  yellow  pine,  as  jier  experiments  of  Prof.  Johnson, 

evaporated  12  618.3  pounds  of  water.     A  cord  of  wet  spent  tan,  burned 

9  459  2 

in  the  Thompson  furnace  was  equivalent  to   '- —  =  0. 75  cord  of  dry 

12  618.3 

wood.      One  cord  of  wet  spent  tan   burned  in   the  Crockett  furnace, 

n  1  no   QA 

was  equivalent  to — —  =  0.56  cord  of  dry  yellow  pine. 

12  618.3  "^  "^ 

49.  A  cord  of  dry  yellow  pine  is  approximately  equal  in  heating 
power  to  0.6  of  a  ton  of  coal,  and,  conversely,  the  ton  of  good  coal  is 
equal  in  calorific  power  to  1.66  cords  of  soft  wood.  An  average  pound  of 
dry  wood  is  theoretically  capable  of  evaporating  6.66  x^ounds  of  water 
from  and  at  212^.  A  pound  of  good  anthracite,  similarly,  should  evap- 
orate 13.5  pounds  of  water. 

The  "absolute  efficiencies"  of  coal  and  wood,  under  the  conditions 
already  described  in  the  several  cases  mentioned,  are  as  follows  :  coal 
70  per  cent. ;  wood — in  the  Crockett  furnace,  66  per  cent. ,  in  the  or- 
dinary steam-boiler  furnace,  70  per  cent,  and  in  the  Thompson  furnace, 
85  per  cent. — reckoning  the  evaj)oration  of  the  moisture  in  the  fuel. 
Excluding  this  moisture,  the  percentages  become  respectively  70,  48,  70 
and  64. 

50.  The  data  obtained  at  these  trials  are  sufficiently  complete  to  fur- 
nish a  basis  ujion  which  to  construct  the  theory  of  action  of  each  furnace, 
and  to  give  approximate  determinations  of  quantities  which  are  of  im- 
portance in  that  connection,  and  of  interest  in  their  liearing  upon  prac- 
tical deductions.  The  most  im^jortant  points  are  the  temperatures  of 
furnace  and  of  chimney  flue,  the  quantity  of  air  supplied,  and  the  effect 
of  variations  of  area  of  heating  surface  of  boilers. 

51.  An  approximate  determination  of  the  temperature  of  furnace  can 
be  made,  in  this  case,  in  the  following  manner  : 

The  fuel  used  at  this  furnace,  as  taken  from  the  leach,  contained  more 
than  one-half  its  weight  of  water.  In  handling,  it  lost  some  of  this  mois- 
ture. When  thrown  upon  the  top  of  the  furnace,  and  before  it  was 
thrown  uiJon  the  fire,  it,  by  its  non-conducting  property,  prevented  to 
some  extent  loss  of  heat,  and  such  heat  as  was  absorbed  by  it  was  use- 
fully employed  in  evai^orating  its  moisture.  The  quantity  of  water  thus 
lost  before  entering  the  furnace  may  be  estimated  approximately  at  about 
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1  per  cent,  in  liaudling,  aucT  3  per  eeut.  at  the  furnace.  Box,  in  his 
"Treatise  on  Heat,"  gives  the  total  loss  of  temperature  by  conduction 
and  radiation,  in  a  fire-brick  furnace,  as  10  iDer  cent.  Here,  several  long- 
ovens  were  placed  side  by  side  and  the  principal  loss  was  that  from  the 
top.  Very  little  could  take  i^lace  laterally,  and  no  heat  could  pass  down- 
ward. 

The  total  loss  here  may  be  taken  as  2^  per  cent.,  which  would  so 
change  the  composition  of  the  wet  fuel  as  to  leave  it  with  3  per  cent,  less 
water,  making  it  about  45  per  cent,  combustible  and  55  per  cent  water. 

Taking  the  available  heat  per  pound  of  the  dry  portion,  at  6  480  ther- 
mal units,  each  pound  of  wet  fuel  yields  2  916  units  of  heat.  Of  this, 
531.6  are  absorbed  in  the  evaporation  of  the  55  jjer  cent,  of  water,  leav- 
ing 2  384.4  units  to  raise  the  temperature  of  the  products  of  combustion. 
Of  these  there  are,  as  a  minimum,  3.7  pounds  having  a  mean  specific  heat 
of  about  0.287. 

The  elevation  of  temperature  is  therefore  2  245.3-,  and  adding  the 
mean  temperature  of  the  atmosphere,  74°,  the  mean  temperature  of  fur- 
nace, assuming  no  dilution  with  unused  air  and  no  losses,  would  have 
been  about  2  320°.     Losing  about  2|  per  cent. ,  the  temperature  becomes 

2  260=. 

The  temperature  of  chimney  flue  was  found  by  experiment  to  have 
been  544=.  The  furnace  gases  were  therefore  cooled  2  260° — 544==  1  716° 
by  the  loss  of  the  heat  given  up  to  the  boiler.     This  is  equivalent  to 

1  716  X  0.287  =  492.5  heat  units,  per  pound  of  gas,  and  to  4  049.4  units 
per  pound  of  ligneous  material  in  the  fuel. 

The  "equivalent  evaporation,"  from  and  at  212°,  is  4  049.4-1-966.6 
=  4. 18  pounds  of  water.  The  actual  evaporation  was  equivalent  to  4. 24 
pounds,  and  the  difference — less  than  one  per  cent. — represents  losses 
and  errors  of  approximation. 

52.  The  actual  existing  temperature  of  furnace  can  be  thus  estimated  : 
the  available  heat  per  pound  of  fuel,  excluding  water,  has  been  given  at 

2  916  thermal  units.     Of  this  =  0. 182  was  not  useful  in  raising  the 

2  916 

temperature  of  either  the  furnace  or  the  chimney.  Hence,  of  all  heat 
liberated,  1.00  —  0.182  =  0.818*  was  efficient  in  elevating  the  tempera- 
ture of  furnace,  and  0.37  —  0.182  =  0.188  was  effective  in  producing  the 
observed  temperature,  544=  of  chimney.  Then,  since  the  same  quan- 
tity  of    gas  passes  at  both  places,    the  temperature  of    furnace  was 

*  Assuming  6  480  units  as  the  heating  power  of  the  tan  when  dried,  the  eflaciency  of  this  fur- 
nace becomes  0.63,  and  0.37  of  the  total  heat  of  the  fuel  passes  off  by  the  chimney. 
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/  0^818  ^470^)  +  74-  =  2  118.5^.      To  this  is  to  be    added  the  slight 
V  0. 188  / 

loss  of  temperature,  en  route  between  furnace  and  chimney,  by  condu.ction 

and  radiation. 

53.  The  air  supply  of  the  Thompson  furnace  is  unusually  restricted, 
as  has  already  been  noted. 

Instead  of  an  ash-pit  -with  a  front  entirely  open,  we  find  here  closed 
ash-pit  doors,  and  no  other  opening  for  the  passage  of  air  than  the  com- 
paratively small  orifices  in  the  registers  -ndth  which  the  doors  are  fitted. 
The  usual  amount  of  air  supplied,  in  furnaces  burning  coal,  is  generally 
given  as  about  twice  the  theoretically  required  quantity,  giving  a  tem- 
perature of  about  2  400^.  In  exceptional  cases,  the  air  supply  faUs  as 
low  as  one  and  a  half  times  the  theoretically  required  amount,  the  tempera- 
ture reaching  about  3  000'^.  In  such  cases,  it  sometimes  happens  that  the 
grates  are  melted  down,  cast-iron  melting  at  between  2  700°  and  2  800 -. 

In  the  Thompson  furnace,  with  an  ash-pit  fire,  this  is  very  likely  to 
take  place  with  iron  grates,  and  the  inventor  was  therefore  driven  to  the 
use  of  fire-brick  grates.  The  mean  temperature  of  the  products  of  com- 
bustion is,  however,  lower,  notwithstanding  the  restricted  air  supply,  in 
consequence  of  the  presence  of  moisture. 

The  quantity  of  air  supplied  is  calculated  as  follows  :  the  difference 
between  the  theoretical  and  the  actual  temperature  of  furnace,  as  above 
estimated,  is  2  260^  —  2  118°  =  142^,  corresponding  to  142  X  0.287  = 
40.75  thermal  units  per  pound  of  gas,  or  40.75  X  3.7  =  150.8  units  per 
pound  wet  fuel,  and  150.8-^-0.45  =335.1  units  per  pound  of  wood,  which 
heat  was  distributed  through  the  air  diluting  the  products  of  combus- 
tion. 

This  latter  amount  is  sufficient  to  heat  (335.1  ^  0.238)  -I-  2  044  =  0.69 
pounds  of  air  from  the  temperature  of  the  external  air  74°  to  2  118-. 
The  theoretically  required  quantity  of  air,  per  pound  of  wood,  is  6 
pounds  ;  hence,  the  products  of  combustion,  at  the  Thompson  furnace 
were  diluted  with  12  per  cent,  of  air  ;  this  is  one-fourth  that  of  ordinary 
practice  with  coal  fires. 

54.  The  temperature  of  chimney  flue  not  being  known,  the  estimates 
of  temperature  of  furnace  and  of  air  supply  cannot  be  so  satisfactorily 
determined  for  the  Crockett  furnace.  The  following  may,  in  the  opinion 
of  the  -writer,  be  taken  as  a  fair  approximation. 

The  composition  of  the  fuel,  in  this  case,  was  slightly  changed  in 
handhng,  between  the  leach  and  the  furnace,  as  before.     Lying  in  front 
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of  the  furnace  also,  a  small  amount  of  drying  must  have  occurred  by 
radiated  heat.  Taking  the  total  amount  of  both  influences  as  i^roducing 
an  alteration  of  2  jaer  cent,  in  the  composition  of  the  fuel,  it  becomes 
52  per  cent,  water  and  48  per  cent,  dry  wood. 

55.  The  theoretical  temperature  of  furnace  gases,  estimated  as  before,  is 
reduced  largely  in  this  case,  by  the  air  of  dilution.  The  fuel  was  burned 
at  the  rate  of  about  20  pounds  per  square  foot  of  grate  per  hour,  and  the 
weight  of  carbon,  the  only  valuable  heat-producing  element,  was  5 
pounds  per  square  foot  of  grate  per  hour.  The  bulky  character  of  the 
fuel  comjjeUed  the  opening  of  the  doors,  in  charging  the  furnace,  about 
once  in  seven  or  eight  minutes.  The  fire  burned  somewhat  irregularly 
into  holes,  allowing  an  unusual  amount  of  air  to  pass  up  unutilized. 

In  ordinary  practice,  with  anthracite  coal  fires,  the  fuel  burns,  with 
such  draught  as  was  found  at  the  Crockett  furnace,  at  the  rate  of  about 
10  pounds  carbon  per  square  foot  of  grate  per  hour.  The  doors  are 
opened  about  once  in  fifteen  or  twenty  minutes,  and  the  air  supply  is 
about  240  pounds  per  square  foot  of  grate  surface  per  hour. 

56.  The  air  supply,  at  the  Crockett  furnace,  was  apparently  in  excess 
of  that  just  given,  by  a  lai'ge  amount.  Neglecting  this  excess,  and  cal; 
culating  the  temperature  of  the  furnace  as  if  the  air  supply  were  the 
same  as  with  coal,  the  following  results  are  obtained  : — 

Available  heat  per  pound  wet  tan 3  110.4  units. 

Rendered  latent  by  evaporating  52  per  cent,  water 503.6      " 

Effective  in  elevating  temperature 2  606 .8      " 

This  was  distributed  through  12.5  pounds  of  gaseous  products  of  com- 
bustion, of  a  mean  specific  heat,  0.25.  The  elevation  of  temperature 
was  therefore  832.8°,  and,  adding  the  mean  temperature  of  external  air, 
we  obtain,  for  the  average  temperature  of  gases  escaping  from  the  fur- 
nace, including  cold  air  streaming  through  the  furnace  doors  and  the 
holes  in  the  fire,  919.3-,  or  about  100'^  above  the  temperature  at  which 
combustible  gases  can  take  fire. 

Taking  the  air  suiJi^ly  as  possibly,  at  times,  as  low  as  that  considered 
the  minimum  with  ordinary  coal  fires,  180  pounds  per  square  foot  of 
grate  per  hour,  where  burning  fuel  with  sluggish  di'aught,  the  tempera- 
ture of  furnace  at  such  times  becomes  1  150.3°. 

57.  The  temperature  of  chimney  flue  may  be  readily  estimated  for 
these  conditions.  Referring  the  jierformance  of  this  furnace,  like  the 
preceding,  to  "  dry  wood"  as  a  standard,  its  efficiency  is  47  per  cent. 
Hence  53  i^er  cent,  of  the  heat  obtainable  from  the  fuel  passes  off"  by  the 
chimney.     The  loss  of  heat  by  the  escape  of  unburned  carbon,  in  the 
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form  of  smoke,  altliougli  more  than  at  the  other  furnace,  was  not  pro- 
bably sufficiently  to  be  here  taken  into  accoiint.  The  following  are  the 
estimates  : — 

Available  heat  per  pound  of  wet  tan 3  110.4  units. 

Passing  up  chimney,  53  per  cent 1  648.5      " 

"  "  latent  in  vapor 503.6      " 

"  "  elevating  temperature 1144.9      " 

This  was  distributed  throughout  12.52  pounds  of  gas,  where  the  usual 
supply  of  air  was  maintained,  and  through  9.64  pounds  in  the  case  of 
less  free  supply,  supposed  possible  at  times. 

The  heat  i^er  pound  of  gas  amounts  to  91.4  units  for  the  first  case, 
elevating  the  temperature  91.4  -j-  0.25  =  365.6°  above  that  of  the  atmos- 
phere, or  to  452°. 

Under  the  other  supposed  conditions,  the  elevation  of  temperature  of 
chimney  becomes  467.7°. 

To  secure  an  economy,  at  this  furnace,  equal  to  that  obtained  at  the 
Thompson  furnace,  it  would  be  necessary  to  reduqe  the  quantity  of  heat 
carried  off  by  the  chimney  gases,  in  the  proportion  of  53  to  37. 

One-third  of  this  heat  is  latent  in  the  vapor  of  water,  and  no  part  of 
that  can  be  secured.  The  requisite  reduction  of  temperature  of  gases  to 
effect  this  economy  is  thus  exaggerated  ;  and  it  would  be  necessary,  were 
such  a  thing  possible,  to  bring  down  the  temperature  of  chimney  to  be- 
tween 140°  and  160°,  to  a  temiierature  160°  or  140°  below  that  of  the 
boilers  itself,  or  to  less  than  one-fourth  that  required  for  most  efficient 
draught. 

58.  In  determining  the  precise  value  of  two  comj^eting  sets  of  appa- 
ratus, as  generators  of  heat,  it  is  necessary  first  to  obtain  from  each  its 
best  performance  in  producing  heat,  and  then  to  provide  means  of  ab- 
sorbing and  utilizing  that  heat  with  equal  thoroughness  in  both  cases. 

The  proper  area  of  heating  surface  of  boilers  will  therefore  vary  with 
each  case.  The  same  area,  where  the  furnaces  themselves  differ  consider- 
ably, may,  in  the  one  case,  allow  a  waste  of  heat,  while  in  the  other  it 
may  reduce  the  temperature  of  gases  so  far  as  to  compel  the  adoption  of  a 
"mechanical  di'aught."  In  the  cases  here  considered,  the  area  of  heating 
surface  was,  fortunately,  very  nicely  adajited,  in  each  instance,  to  the  re- 
quirements of  the  case.  In  both  exami)les,  the  temperature  of  chimney 
flue  is  found  to  be  somewhat  below  that  required  for  most  efficient 
draught ;  but  was  not  far  different  in  the  two  cases,  the  less  economical 
furnace  having  the  economical  advantage  of  such  difference  as  did  exist. 

The  trial,  therefore,  exhibits  very  fairly  the  intrinsic  values  of  these 
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two  furnaces,  as  heat-geuerating  apparatus,  and  of  these  two  radically 
different  methods  of  working  them,  as  taken  apart  from  the  efficiency  of 
heat-absorbing  or  heat  utilizing  contrivances. 

59.  The  importance  of  high  temperature  of  furnace  is  strikingly  and 
beautifully  illustrated  by  these  results.  The  two  furnaces  develop  prac- 
tically the  same  amount  of  heat  from  the  fuel,  but  the  one  distributes  it 
through  a  large  volume  of  gases  at  low  temperature,  sending  a  consider- 
able proportion  of  it  up  the  chimney,  while  the  other  raises  a  small 
volume  of  gas  to  a  much  higher  temperature,  making  it  more  available 
to  the  extent  of  33  per  cent.,  and  fimally,  even  then,  sending  up  the 
chimney  gases  of  higher  temperature  than  the  first. 

The  abstract  efficiency  of  the  furnace,  in  any  ordinary  case,  is  repre- 
sented by  the  formulae — 

^1  _  h^h  _   T,  -  T. 

Where  e^  represents  the  efficiency  and  i^  and  t.  are  the  absolute  tem- 
peratures at  w^hicli  the  heat  is  generated,  and  at  which  wasted  heat  is 
discharged,  and  ^3  that  of  the  external  air,  T^,  T.,,  T-j,  are  temperatures 
on  the  Fahrenheit  scale. 

T    ^1                      1       2 II80  —  5440  F.       ^  „„ 
In  these  cases  e'  =  _      =  0.77. 

,1       9190-4520 
^     =  9190-86.5  =  Q-^^- 

60.  These  values  do  not  represent  the  efficiency  of  the  fuel,  including 
the  vaporization  of  water  contained  within  itself.  In  these  cases  the  heat 
lost,  as  latent  in  vaporization,  before  the  generation  of  these  tempera- 
tures, is  to  be  deducted  to  give  the  total  efficiencies  of  the  fuel,  which 
thus  are  found  to  have  the  values  0.77  (1—0.182)  =  0.'63  and  0.56 
(1—0.175)  =  0.46. 

The  experimental  determinations  were  0.64  and  0.48,  if  referred  to 
seasoned  wood,  and  0.63  and  0.47  when  referred,  as  here,  to  dry  wood  of 
a  calorific  value  of  6  480  heat  units. 

To  make  the  values  of  e  comparable  with  the  standard  already  as- 
sumed iov  final  absolute  efficiency,  per  experiment,  it  is  necessary  to  add  9 
per  cent,  to  the  first  values  of  e,  in  each  case,  in  order  to  credit  the  fuel 
with  the  heat  used  in  the  vajjorization  of  its  water,  and  with  the  heat 
carried  by  the  vapor  up  the  chimney. 

Thus  the  values  0. 77  +  0. 09  =  0. 86,  and  0. 56  +  0. 09  =  0. 65  are  deduced. 
These  ratios,  by  experimental  determination,  were  0.86  and  0.67.  The 
correspondence  of  these  figures  with  those  just  deduced  theoretically,  is  a 
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remarkably  conclusive  evidence  of  the  accuracy  of  the  estimated  tempera- 
ture and  of  the  fact  that  the  difference  of  efficiency  found  by  trial  is  due 
to  such  diftorencc  of  temperature.  The  accordance  is  unusually  precise. 
61.  Kankine  has  given  a  formula*  for  determining  the  efficiency  of 
fuel  in  ordinary  steam  boiler  practice,  where  the  ratio  of  the  area  of 
heating  siirface,  and  of  fuel  burned  per  hotfii-,  to  the  square  foot  of  grate 
surface,  is  known  : — 

e^  _       B  S 

e      ~  S  +  AF' 

in  which  —  is  the  quantity  called  above  e^    A  and  B  are  constants, 

and  F  and  S  are  the  ratio  of  fuel  burned  per  hour  to  the  square  foot  of 
grate,  and  the  ratio  of  area  of  heating  surface  to  grate  area. 

For  the  cases  here  considered,  ^  =  0.5,  and  i?  =  0.92,  ^S^  8.5  for 
the    Thompson,    and    14.5   for   the  Crockett  furnace,  F  —  1.38,    and 

F  e^ 

5.3  ;    o  becomes  0.13  and  0.36,  and  the  value  of  —  is,  for  the  Thomp- 
son 0.859,  and  for  the  Crockett  furnace  0.776. 

Were  this  formula  applicable  to  these  cases,  the  exijerimental  deter- 
minations of  efficiency  should  coincide  with  these,  but  they  are  0.64  and 
0.48.  This  difference  is  a  consequence  of  the  facts  that  the  fuel  used  in 
these  furnaces  was  wet,  and  that  the  large  i)roi)ortion  of  heat  absorbed 
by  the  water  was  so  much  abstracted  from  the  efficiency  of  the  fuel. 
Thus  the  absolute  values  are  reduced. 

They  differ,  also,  in  consequence  of  the  important  fact  exhibited  in 
the  preceding  i^aragi-aphs,  that  the  temj^erature  of  furnace  differs  in  each 
case  (and  in  the  case  of  the  Crockett  furnace  immensely),  from  the  tem- 
j)erature,  2  400^  given  by  Rankine  as  the  mean  temperature  of  furnaces 
to  which  his  formula  is  adapted.     This  changes  relative  values. 

The  value  0.859,  for  the  Thompson  furnace,  is  almost  precisely  that 
obtained  by  experiment — "  including  water  in  fuel,"  0.86 — as  it  should 
be,  since  the  temperature  of  that  furnace,  2  118°,  is  not  far  different 
from  that  of  the  ordinary  coal  fire.  The  value,  0.776,  for  the  Crockett 
furnace  differs  greatly  from  that  formed  by  experiment — "including 
water  in  fuel,"  0.67 — as  would  be  expected  in  consequence  of  the  excep- 
tionally low  temperature  of  that  furnace. 

The  difference  between  these  two  theoretical  values,  0.859  —  0.776  = 
0.083,  would  represent  approximately  the  loss  of  total  absolute  efficiency 
that  might  be  expected,  were  the  case  one  of  ordinary  i^ractice,  and  were 

*  steam  Engines  and  Prime  Movers,  p.  292,  §  IV. 
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the  Thomi^son  furnace  supplied  with  boilers  of  as  small  a  ratio  of  heat- 

F 

ing  surface  to  fuel  consumed,  -^  as  the  Crockett  furnace  actually  -had. 

The  difference  which  would  really  be  produced  would  be  less  in  con- 
sequence of  a  circumstance,  peculiar  to  that  example,  of  which  the  in- 
fluence has  not  been  noticed  by  writers  on  this  branch  of  the  theory  of 
engineering. 

62.  The  rate  of  conduction  of  heat  from  the  furnace  gases  to  the 
heating  surfaces  with  which  they  are  in  contact  varies,  in  some  not  well 
determined  ratio,  with  the  diflference  of  temperature.  It  may  be  repre- 
sented approximately,  according  to  exj^eriments  of  Charles  Wye  Wil- 
liams* and,  judging  from  the  analysis  of  M.  Paul  Havi'ez,t  by  a  hyper- 
boHc  curve,  of  which  the  equation  is  x  y  =  A;  y  representing  the  evap- 
oration for  a  unit  of  area  of  a  tube  at  a  distance  x  from  the  furnace. 
U^=  B  log  X  is  the  equation  of  total  evaporation. 

When  the  volume  of  gas  is  the  same,  as  in  cases  to  which  the  formula 
of  Eankine  applies,  the  constants  in  these  equations  are  the  same,  and 
his  formula  gives  a  remarkable  satisfactoiy  approximation.  Where,  as 
in  the  Thompson  furnace,  the  restriction  of  the  air  supply  causes  a  com- 
paratively slow  movement  of  gases  along  the  heating  surface,  the  value 
of  that  portion  nearest  the  fire  becomes  enhanced,  leaving  the  furthest 
portions  of  less  efficiency. 

The  effect  of  reducing  the  air  supply  nearly  one-half  would,  therefore, 
be  to  actually  reduce  gi-eatly  the  amount  of  the  theoretical  loss,  0. 08, 
just  given.  The  real  loss  would  be  somewhere  between  this  8  per  cent, 
and  the  smaller  differences  noticed  between  the  theoretical  estimates  of 
efficiency  of  fuel  and  the  actual  differences  shown  by  experiment.  This 
latter  consideration  may,  perhaj)s,  be  taken  as  a  proof  that  this  differ- 
ence of  efficiency  due  to  such  a  change  of  heating  surface,  would 
amount  to  approximately  2  per  cent.  Were  more  steam  wanted,  this 
would  be  at  once  sacrificed  at  the  Thompson  furnace,  to  bring  the 
temperature  of  chimney  up  to  that,  64:5°  which  would  give  most  efficient 
draught. 

63.  At  the  Crockett  furnace,  the  effect  of  the  exceptionally  low  tem- 
perature of  furnace  is  to  equalize  the  value  of  heating  surface ;  and  the 
considerable  velocity  of  the  gaseous  current,  which  is  a  consequence  of 
the  unusually  great  volume  of  air  passing  through  the  furnace  increases 

*  "  On  the  Steam  Generating  Power  of  Marine  and  Locomotive  Boilers." — Loudon,  18fl4. 
t  "  Evaporisation  decroissante    en   Progression  Geometrique    dans   les   Cliaudierea." — 
Bevue  Industrielle,  1874. 
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this  effect.  The  nearer  surface  is  ineflScient,  and  the  most  distant  por- 
tions of  the  heating  surface  are  therefore  proportionally  much  more 
efficient  than  in  the  i^receding  case. 

Extension  of  surface  is,  however,  precluded  by  the  fact  that  the  tem- 
perature of  escaping  gases  would  fall  still  further  below  that  required  for 
efiective  draught,  and,  as  already  indicated,  were  it  possible  to  operate 
the  furnace  at  all,  this  temperature  would  become  one-half  the  temper- 
ature of  the  boiler,  were  so  much  heat  abstracted  as  to  give  an  efficiency 
of  fuel  equal  to  that  obtained  in  the  other  furnace.  Heat  would  then 
pass  from  the  boiler  to  the  gas  at  those  portions  of  its  surface  farthest 
from  the  fire,  and  the  draught  could  only  be  maintained  by  means  of 
special  "  blowing"  apparatus.  This  is  another  fact  illustrating  the  im- 
portance of  high  temperature  of  furnace  in  the  attainment  of  high 
furnace  efficiency. 

64.  The  preceding  table  presents  the  results  of  the  above  investigation 
in  a  concise  form,  in  which  it  may  be  found  very  useful  for  reference. 

65.  Both  of  these  furnaces  were  introduced  about  twenty  years  ago, 
and  the  first  is  in  somewhat  extensive  use.  No  experimental  determina- 
tion of  their  actual  relative  efficiencies  has  ever  been  made  before,  so  far 
as  the  writer  is  aware,  which  has  enabled  their  theory  to  be  worked  out. 
The  determination  of  their  theory,  as  here  given,  has  greatly  interested 
him,  and  wiU,  perhaps,  prove  as  interesting  to  the  profession.  It 
may  be  found  of  value,  in  view  of  the  many  important  appHcations  which 
are  daily  being  made  of  the  various  kinds  of  wet  fuel. 

The  temperatures,  as  given,  may  be  somewhat  below  actual  temper- 
atures where  they  are  determined  from  the  composition  of  fuel,  as  the 
calculations  are  made  on  the  assumption  that  all  vapors  issuing  from  the 
fuel  are  raised  to  the  mean  temperature  estimated.  The  real  fact  is,  that 
they  are  expelled  while  the  temperature  of  issuing  gases  is  reduced  by 
their  presence,  and  they  therefore  do  not  abstract  as  much  heat  as  is 
debited  to  them  in  the  calculation. 

During  those  intervals  of  time  which  elapse  between  the  drying  of 
one  charge  and  the  introduction  of  the  next,  the  temi^erature  of  furnace 
rises  to  that  due  to  the  combustion  of  dry  fuel.  The  result,  as  given,  are 
probably,  however,  practically  and  sufficiently  correct. 

Mr.  Richard  H.  Buel — In  tests  such  as  are  here  described  the  i^rin- 
cipal  points  to  be  determined  by  experiment  are  as  follows  : — 

1st.  The  pressure  of  steam. 

2d.  The  weight  of  water  evaporated. 
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3d.  The  quality  of  the  steam. 

Jrtli.  The  temperature  of  the  pi'oducts  of  combustion  in  the  chimney. 

5th.  The  temiierattire  of  the  feed  water  entering  the  boiler. 

6th.  The  weight  of  fuel  supplied  to  the  furnace. 

7th.  The  amount  of  effective  combustible  matter  in  the  fuel. 

1st.  It  is  not  stated  in  this  paper  whether  or  not  any  tests  were  made 
to  determine  the  accuracy  of  the  steam  gauges.  If  this  were  not  done, 
the  record  of  pressures  is  very  unreliable.  According  to  the  reports  of 
the  Hartford  Steam  Boiler  Insurance  Co.,  defective  steam  gauges  are 
only  too  common.  The  temperature  and  heat  of  the  steam  are  used 
in  the  principal  calculations  of  the  paper,  rendering  it  of  the  utmost  im- 
portance that  the  pressures  should  be  accurately  recorded. 

2d.  In  the  experiment  on  the  Thompson  furnace  the  volume  of  feed 
water  was  obtained,  not  by  continuous  observations,  but  by  a  series  of 
tests  at  intervals  ;  how  many  is  not  stated.  Engineers  who  have  tried  the 
experiment  of  making  a  pump  give  a  constant  supi^ly — as,  for  instance, 
maintaining  a  steady  head  in  a  tank  from  which  the  water  is  constantly 
flowing — have  found  that  it  was  necessary  to  regulate  the  opening  of  the 
steam-valve  of  the  pump  continually  as  the  pressure  in  the  boiler 
changed,  or  the  pump  was  lubricated.  It  appears  from  the  calculations 
in  this  paper  that  the  steam  pressure  did  vary  somewhat,  so  that  it  is 
doubtful  whether  the  pump  delivered  water  continuously  at  the  rate  of 
90  cubic  feet  an  hour.  Again,  the  weight  of  the  feed  water,  which  had 
a  temperature  of  205^  Fahr.,  is  assumed  to  have  been  62.5  pounds  per 
cubic  foot,  Avhicli  is  greater  than  the  weight  of  distilled  water  at  the  tem- 
perature of  maximum  density.  Judging  from  the  experiments  of  Sorby, 
Kopp,  Matthiessen  and  Rosetti,  it  is  probable  that  the  weight  of  the 
water  at  this  temperature  was  about  60  pounds  per  cubic  foot.  Certainly 
if  it  were  not  weighed  on  the  occasion  of  the  test,  there  is  a  chance  of 
inaccuracy  in  the  record.  The  mode  adopted  with  the  Crossett  furnace 
for  measuring  the  feed  water  is  far  more  certain. 

3d.  The  method  employed  to  test  the  quality  of  the  steam  is  one  of 
the  most  elegant  and  j)recise  that  can  be  employed  without  the  use  of 
costly  api^aratus.  It  seems  to  have  been  somewhat  defective  in  the 
present  case  on  account  of  the  small  number  of  observations. 

The  ^:)er  ceiiL  of  priming  affects  the  performance  of  a  boiler  very 
seriously,  and  it  is  believed  that  the  true  mean  cannot  be  assured  from 
three  or  four  observations  which  differed  from  each  other  so  widely,  as 
stated  in  this  paper. 
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4:tli.  The  determination  of  the  temi^erature  of  the  flue  seems  open  to 
the  same  objection.  Only  two  observations  are  recorded,  giving  results 
which  vary  more  than  40^  from  each  other,  so  that  it  is  questionable 
whether  the  arithmetical  mean  of  these  two  quantities  represents  the 
mean  temperature  of  the  chimney  during  the  trial  of  13  hours. 

5th.  The  temperature  of  the  feed  on  entering  the  boiler,  being  merely 
an  estimate,  is,  of  course,  somewhat  uncertain.  It  is  generally  consid- 
ered by  engineers  that  a  precise  test  requires  the  actual  observation  of 
the  necessary  data,  and  that  where  estimates  are  the  only  available  data, 
they  detract  considerably  from  the  value  of  the  final  results. 

6th.  The  weight  of  the  iuel  supplied  to  the  Crockett  furnace  was  not 
determined  by  experiment,  as  in  the  case  of  that  used  in  the  Thompson 
furnace,  and  as  the  fuels  used  in  the  two  cases  were  said  to  vary  some- 
what in  quality,  and  to  contain  diftereut  percentages  of  water,  it  is 
doubtful  whether  the  estimated  weight  is  correct. 

In  calculating  the  efficiency  of  each  furnace,  it  is  assumed  that  there 
has  been  no  loss  of  water  in  transferring  the  fuel  from  the  leach  to  the 
furnace,  while  in  the  calculation  for  furnace  temperature,  the  result  of 
which  is  comj)ared  with  the  former,  it  is  estimated  that  some  of  the  water 
is  lost  in  the  transfer. 

7th.  It  may  doubtless  seem  questionable  to  many  whether  such  small 
samples  as  could  be  placed  in  fruit  jars  can  be  assumed  with  certainty  to 
represent  the  average  quality  of  the  whole  mass  of  the  fuel,  since  a  few 
drops  of  water,  more  or  less,  which  might  accidentally  be  introduced  or 
excluded  would  change  the  percentage  of  moisture  to  a  serious  extent. 

It  ■will  probably  be  admitted  by  most  engineers  that  one  of  the  most 
■admirable  reports  in  print  is  that  on  the  Lowell  pumping  engine,  in  which 
the  observed  data  and  the  results  alone  are  given,  the  former  being  so 
complete  that  any  one  can  retrace  the  steps  by  which  the  conclusions 
have  been  reached,  and  so  test  their  correctness  by  independent  calcula- 
tions. It  is  believed  that  this  furnishes  a  standard  by  which  to  measure  the 
value  of  other  reports  ;  in  an  attempt  to  rejjroduce  the  results  obtained 
in  the  paper  ixnder  consideration,  the  present  writer  first  had  his  atten- 
tion called  to  the  points  which  have  just  been  enumerated. 
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DISCUSSIONS. 


ON   UPRIGHT  ARCHED   BRIDGES."^ 

Mr.  James  B.  E.u)s. — In  reviewing  the  criticisms  upon  the  paper 
before  the  Society,  the  author  will  first  notice  such  as  have  a  general 
bearing  upon  the  subject  of  bridge  building,  and  afterwards  those  which 
relate  more  especially  to  the  merits  of  the  proposed  system. 

The  principle  that,  the  "  engineering  is  best  which  most  fully  answers 
its  purposes  at  the  least  cost,"  as  expressed  by  Mr.  Welch,  is  fully  recog- 
nized by  the  author,  and  it  is  upon  this  axiom  he  bases  his  belief 
that  for  spans  of  considerable  length,  the  system  under  discussion  miist 
ultimately  supersede  every  other  one  now  in  use.  It  may,  however,  be 
inferred  from  Mr.  Macdonald's  remarks  that  the  author  is  more  ready 
to  preach  than  he  was  to  practice  in  the  St.  Louis  bridge  the  excellent 
axiom  of  Mr.  Welch  ;  therefore  he  will  briefly  refer  to  them,  with  the. 
prefatory  remark,  that  Avhenever  it  is  necessary  to  test  the  engineering 
merits  of  the  design  of  that  bridge  by  the  axiom  stated,  he  will  be  quite 
willing  to  abide  the  issue. 

Eeferring  to  the  accurate  workmanship  and  expensive  material  in  the 
arches  of  the  St.  Louis  bridge,  Mr.  Macdonald  says  he  doubts  if  the 
author,  "will  again  adopt  this  design  for  the  purpose  of  saving  a  few 
pounds  of  metal."  The  inference  from  this  is  that;  1st,  the  proposed 
system  must  also  in  all  cases  involve  the  same  accuracy  and  costly  ma- 
terial as  the  St.  Louis  bridge  ;  2d,  that  accuracy  and  peculiar  material 
enhanced  the  cost  of  that  work,  and  3d,  the  design  for  that  structure 
was  adopted  simply  "for  the  purpose  of  saving  a  few  pounds  of  metal." 
The  first  inference  will  be  shown  to  be  unfounded  before  closing  this 
re\dew,  and  it  will  be  immediately  aj^i^arent  that  the  second  and  third 
are  not  justified  by  the  facts. 

The  ribbed  arch  system,  notably  illustrated  at  the  time,  in  the  350 
feet  arches  at  Coblentz,  was  finally  adopted  as  that  on  which  the  design 
should  be  made,  because  the  entire  bridge  could  be  built  in  conformity 
to  the  law,  and  with  the  requisite  strength  and  caj)acity  for  less  money 
on  that  system  than  on  any  other,  of  which  the  author  and  his  assist- 
ants had  knowledge  ;  and  it  is  scarcely  saying  too  much,  to  assert  that 

*  Continued  from  page  288. 
27 
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this  fact  was  arrived  at,  through  an  amount  of  careful  comparative  exam- 
ination of  various  lengths  of  spans,  and  corresponding  foundations,  for 
both  trasses  and  arches,  and  after  such  a  series  of  laborious  investiga- 
tions and  study  as  were  never  before  bestowed  upon  any  similar  work. 

Before  adopting  the  design,  satisfactory  assurances  were  ^obtained 
from  practical  steel  makers,  that  the  requisite  material  could  be  supplied 
in  perfection,  and  at  less  cost  per  pound  for  the  finished  steel  than  double 
that  of  wrought-iron  ;  while  the  maximum  compressive  strains  it  would 
bear  with  equal  safety  (27  500  pounds  per  square  inch),  were  nearly,  or 
quite  three  times  as  great  as  could  be  imposed  on  the  iron.  The  contract 
price  of  the  steel  work  delivered  at  St.  Louis,  excluding  erection,  was  15 
cents  per  jDound,  and  the  amount  of  machine  and  hand  work  put  upon 
it,  after  it  came  from  the  mills,  was  less  in  proportion  to  the  mill  jiriees 
than  that  usually  put  on  wrought-iron  bridge  work.  The  mill  price  was 
Hi  cents,  delivered  in  Pittsburgh.  Allowing  ^  cent  for  transportation 
to  St.  Louis,  there  were  left  3i  cents,  or  about  28  per  cent,  on  the  miU 
price  for  finishing.  The  tubes  and  couj)lings  involved  the  most  accurate 
part  of  the  work,  while  they  constituted  by  far  the  largest  portion.  The 
average  weight  of  a  tube  section  and  coupling  being  about  5  000  pounds, 
it  will  be  seen  that  the  contractor  received  about  §162.50  for  finishing 
each  ;  or  about  $170  000  for  all  the  tubes  and  couplings.  Although 
unforeseen  difficulties  were  met,  as  is  usual  in  producing  new  forms  in 
steel  and  iron,  these  were  all  skillfully  surmounted  by  the  contractors 
without  extraordinary  exertions,  and  I  am  quite  confident  that  both  the 
mill  work  and  the  finishing  could  be  duplicated  at  these  prices  to-day 
very  readily.  If  the  finished  steel  had  but  double  the  strength,  and  cost 
double  the  price  of  iron,  it  would  be  much  more  economic  in  either  an 
arch  or  truss.  To  show  why  it  is  so,  at  these  relative  ratios  of  price  and 
strength,  it  is  only  necessary  to  refer  to  the  simple  fact  that  the  arch  (or 
truss)  must  support  itself  before  it  can  support  anything  else.  If  the 
curve  of  the  middle  arch  of  the  St.  Louis  bridge  were  reduced  to  about 
one-quai*ter  of  its  present  height,  and  were  of  wrought-iron,  the  safe 
limit  of  strength  in  the  metal  would  be  already  reached,  and  it  could  not 
support  any  j)art  it  carries,  even  of  the  suijerstructure,  T^dthout  ex- 
ceeding that  limit  ;  Avhereas  if  it  were  of  steel  of  double  the  strength 
per  sqiiare  inch,  and  but  half  the  sectional  area  or  quantity  were  used, 
it  would  have  a  surplus  of  one-half  of  its  strength  yet  left,  and  could 
consequently  carry  with  safety  a  load  equal  to  its  own  weight. 

By  increasing  the  curvature  of  the  iron  arch  from  this  low  versed 
sine   (of  about  11  feet)  it  would  gradually  acquire  a  surplus  strength. 
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aviiilfible  for  supporting  the  roadway  and  live  load,  as  the  horizontal 
forces  would  be  lessened  by  increasing  the  depth  of  the  arch.  But  even 
with  the  versed  sine  of  the  centre  span  (47.5  feet),  supposing  the  al- 
lowable strain  on  the  iron  to  be  10  000,  and  on  the  steel  only  20  000 
pounds  per  square  inch,  the  iron  would  requii'e  double  the  sectional  area 
of  the  steel,  and  16  per  cent,  added  to  that  increased  area,  to  equal  the 
availabl.e  strength  of  the  steel.  But  as  the  steel  really  bears  27  500 
jjounds  instead  of  20  OOJ  pounds,  it  would  require  that  the  iron  should 
be  doubled  and  6i  per  ceut.  of  this  doubled  weight  or  section  added  to  it, 
to  possess  an  available  supporting  value  equal  to  that  of  the  present  steel 
arches.  These  arches  weigh  (exclusive  of  vertical  and  horizontal  bracing) 
nearly  4  000  000  jDounds.  If  of  iron,  their  weight  must  have  been  doubled 
and  had  64  per  cent.  *  of  the  doubled  quantity  added  to  it.  In  short,  they 
would  have  weighed  about  13  000  000  instead  of  4  000  000  pounds,  whence 
it  is  evident  the  author  did  not  ado^Dt  the  design  simply,  ' '  for  the  purpose 
of  saving  a  few  pounds  of  metal,"  but  to  save  several  million  pounds 

As  the  contract  i^rice  of  the  steel  was  15  cents  i)er  pound,  or  about 
$600  000, — and  as  the  work,  if  in  iron,  would  have  cost  at  least  10  cents 
per  pound,  or  about  $1  300  000, — it  must  be  apparent  that  the  steel  was 
more  economical.  The  erection  of  6  500  tons  of  metal  would  also  have 
cost  largely  more  than  that  of  2  000  tons.  Besides  this,  the  horizontal 
thrust  of  each  arch  would  have  been  increased  about  2  000  tons,  and  this 
would  have  involved  the  necessity  of  a  much  greater  quantity  of  masonry, 
to  resist  this  horizontal  force.  It  wiU  therefore  be  seen  that  there  were 
several  good  reasons  for  using  the  more  expensive  material. 

While  the  author  feels  sure  he  could  with  his  present  experience  ma- 
terially lessen  the  cost  of  the  bridge,  if  it  were  to  be  executed  again  by 
him,  he  is  quite  certain  he  could  not  do  so  by  making  any  important 
change  in  the  design,  if  the  ribbed  arch  were  used.  No  ordinary  truss 
system  could  be  so  cheap.  The  only  important  improvement  he  can 
suggest  upon  that  design,  is  contained  in  the  paper  submitted. 

If  judged  by  the  rule  stated  by  Mr.  Macdonald,  the  design  will  be 
fully  vindicated.  He  says,  ' '  in  most  cases  the  problem  of  covering  a 
given  space  is  best  solved,  and  with  the  greatest  economy,  when  the  cost 
of  suj)erstructure  about  equals  that  of  its  supports."  As  originallj^ de- 
signed, the  substructure  (piers  and  abutments)  was  estimated  at  81 540  080, 
which  was  only  S79  662  more  than  the  original  estimate  for  the  super- 

*  Tbe  above  figures  are  ouly  designed  to  be  approximately  correct.  A  careful  investigation, 
in  whicli  all  of  the  elements  involved  are  included,  would  doubtless  modify  the  percentages 
named.  They  are,  however,  sufficiently  correct  to  show  the  enormous  difference  in  weight 
between  the  requisite  cxuantities  of  iron  and  steel. 


322 

structure,   or  2+  per  cent,    on  the  aggregate  of   both  ;    while  the  actual 
cost  of  the  substructure  was  for 

Abutments SI  000  21-t .  35 

Piers 1  073  689 .  91 

Tools  and  machinery 290  518.00 

Total S2  364  452 . 26 

Superstructure,  (excluding  approaches) 2  234  655 .42 

Difference $129  790 .  84 

The  original  estimates  were  increased  by  some  alterations  in  the  de- 
sign ;  which  consisted  in  sinking  the  east  abutment  pier  to  the  bed-rock 
60  or  70  feet  deeper  than  was  first  intended,  and  in  using  a  large  quan- 
tity of  granite  ashler ;  also  in  doing  much  of  the  work  at  night  and  on 
Sundays,  under  the  delusive  hope  that  the  superstructure  would  be  com- 
pleted in  the  contract  time.  The  cost  of  superstructure  was  chiefly  in- 
creased by  widening  the  bridge  4  feet,  j)lacing  an  iron  wind  truss  under 
the  upper  roadway,  and  making  some  other  modifications  in  the  design  ; 
and  also  largely  by  extra  payments  to  induce  the  contractors  to  hasten  its 
comi^letion.  Still  with  all  these,  the  difference  in  cost  of  sub  and  super- 
structure is  only  about  3  per  cent,  on  their  aggregate  cost. 

This  evidence  is  not  advanced  because  the  author  has  faith  in  Mr. 
Macdonald's  rule  ;  but  because  it  is  testimony,  Avhich  to  him  may  be  in- 
teresting, if  not  convincing. 

The  addition  of  the  general  items  of  engineering  and  contingent  ac- 
count proportionately  charged  ($400  000),  will  make  the  actual  cash  cost 
of  the  bridge,  excluding  approaches,  as  above  stated,  $4  999  107.68. 

The  total  outlay  as  given  by  the  auditor  for  everything  in  any  manner 
directly  connected  with  the  construction  of  the  work  (excluding  the  tun- 
nel and  land  damages  but)  including  salaries,  rents,  engineering,  steam 
and  street  railways,  gas  and  water-jjiijes  ;  all  of  its  approaches  ;  losses  by 
failure  of  contractors  ;  extra  compensation  and  bonuses  to  expedite  the 
work,  &c.,  &c.,  amounts  to  $6  680  331.47. 

The  additional  cost  of  the  bridge  aggregating  nearly  ^6  000  000  more, 
consists  almost  wholly  in  items  of  discount,  interest  and  commissions 
on  bonds  ;  charters,  legal  expenses  and  similar  expenditures,  including 
$1  086  000  for  real  estate  and  right  of  way.  These  have,  however,  no 
bearing  upon  a  discussion  of  the  merits  of  the  design  as  an  engineering 
question.  In  judging  of  its  economic  merits,  engineers  should  not  lose 
sight  of  the  fact  that  a  broad  and  unobstructed  street  with  its  side- 
walks, and  roadway  for  four  lines  of  wheeled  vehicles,  in  addition  to  two 
lines  of  steam  railways,  is  carried  over  exceptionally  long  openings,  and 
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upon  umisuiilly  deei?  foundations,  the  maximum  moving  load  being  equal 
to  that  of  three  ordinary  railway  bridges. 

Mr.  Shrove  says  :  "the  paper  before  the  Society  appears  to  be  an 
acknowledgment  of  the  '  disadvantages  of  the  system  adopted  for  the 
superstructure  of  the  St.  Louis  bridge.'"  This  is  an  error,  and  misled 
by  it,  he  falls  into  several  others,  in  criticising  the  St.  Louis  bridge. 
He  says:  "suppose  the  crown  to  rise,  the  lower  tube  if  relieved 
of  compression  at  the  abutments,  would  not  be  strained  at  any  point. 
Bracing  beneath  a  parabolic  arch  uniformly  loaded,  can  receive  no 
strain  and  is  useless,  and  if  the  curve  of  the  tube  considered  is  not  a 
parabola,  it  is  so  near  it  that  the  strains,  which  are  transferred  by  the 
braces  to  the  lower  tube  are  too  small  to  be  noticed.  The  conclusion  is 
unavoidable  that  the  upper  tube  at  times  must  bear  the  whole  load,  and 
even  more,  for  the  tubes  '  are  rigidly  held  to  the  abutments  by  anchor 
bolts, '  and  a  large  extra  amount  of  strain  is  in  this  manner  brought  upon 
the  loaded  tube."  "When  cold  causes  the  crowm  of  the  arch  to  be  de- 
pressed, he  declares  that  then  "  the  lower  tube  must  just  as  surely  take 
the  whole  load,  and  the  upper  one  be  useless." 

Ml'.  Shreve  suggests  a  modification  of  the  ribbed  arch  by  which  this 
sujiposed  alternate  imposition  of  the  entire  load  upon  the  upper  and 
lower  members  can  be  avoided.  As  the  diagram  with  which  he  illustrates 
this  furnishes  a  very  convenient  means  of  demonstrating  his  errors 
respecting  the  St.  Louis  bridge,  it  is  reproduced  with  modifications. 

E 


This  diagram  differs  from  the  St.  Louis  arches  in  having  a  section  of 
the  lower  tube  omitted  at  the  centre  and  at  each  abutment,  and  in 
having  the  upper  tube  jointed  at  the  centre  and  at  each  abutment. 

Increase  of  temperature  will  cause  the  arch  to  rise.  This  will  shorten 
the  central  space  in  the  lower  tube.  If  the  omitted  central  section  were 
in  place  when  the  arch  begins  to  rise,  it  would  evid'ently  be  compressed  ; 
and  if  the  temperature  were  sufficient,  the  entire  compressive  strain 
would  certainly  be  taken  off  the  central  joint  in  the  upper  tube,  and 
be  transferred  to  the  restored  section  in  the  lower  one.  No  com- 
pression could  come  on  the  lower  tube  at  the  abutments  if  the  omitted 
sections  there  were  restored,  as  the  rising  of  the  arch  would  increase 
those  spaces.     The  whole  load  would,  therefore,  be  still  sustained  at  the 
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abutments  by  the  upper  tube,  but  hji  the  lower  one  at  the  centre.  Mr. 
Shreve  thus  falls  into  another  error  in  supposing  that  "  the  lower  tube 
if  relieved  of  compression  at  the  abutments,  would  not  he  strained  at 
any  point." 

If  the  omitted  sections  at  the  abutments  were  restored  and  the  arch 
were  depressed  by  cold,  the  compression,  which  in  the  preceding  case 
existed  in  the  lower  tiibe  at  the  centre,  would  be  transferred  (in  propor- 
tion as  the  depression  increased)  to  the  central  joint  in  the  upper  tube  ; 
while  the  compression  in  the  upper  tube  at  the  abutments  would  be 
taken  oflf,  and  be  transferred  to  the  lower  one  at  these  points.  Mr. 
Shreve  is,  therefore,  a  third  time  in  error  in  supposing  that  when  the 
crown  of  the  arch  falls  "the  lower  tube  must  just  as  surely  take  the 
whole  load  and  the  upper  one  be  useless,"  because  the  whole  load  is 
then  sustained  at  the  centre  of  the  arch  by  the  upper  tube. 

The  centres  of  pressure  in  these  two  opposite  cases  would  alternately 
follow  the  dotted  lines  ABC,  and  D  E  F.  Greater  extremes  of  tem- 
perature would  throw  these  Knes  at  the  centre,  above  and  below  (or  out- 
side of)  the  arch,  and  tension  would  thus  be  created  in  the  middle  of  that 
tube  which  would  be  in  compression  at  the  abutments.*  Where  these 
lines  of  pressure  intersect  each  other  in  the  haunches  of  the  arch,  the 
load  must  always  be  borne  in  nearly  equal  portions  by  each  tube.  In 
these  parts  of  the  arch  it  can  never  be  imposed  upon  one  tube  alone. 
Hence  Mr.  Shreve  falls  into  a  fourth  error  when  he  declares  that  ' '  eack 
tube  must  contain  a  quantity  of  material  sufficient  to  resist  the  strains 
caused  by  a  full  load." 

Extremes  of  temperature  are  thus  shown  to  cause  in  the  tubes  great 
alternations  of  pressure  only  in  the  crown  and  near  the  abutments  ;  and 
these  extra  pressures  can  only  exist  at  the  same  time  in  the  crown  of  one 
tube  and  the  abutments  of  the  other,  and  vice  versa.  They  result  from 
temperature  in  the  metallic  ribbed  arch,  whether  its  curve  be  parabolic, 
circular  or  eUiptic,  and  whether  uniformly  loaded  or  unloaded  ;  and  they 
can  only  be  transferred  from  the  ends  of  one  tube  to  the  crown  of  the 
other  bij  the  bracing.  ^Hence  Mr.  Shreve  makes  a  fifth  mistake  when  he 
asserts  that  ' '  bracing  beneath  a  parabolic  arch  uniformly  loaded,  can 
receive  no  strain  and  is  useless." 

There  is  no  difficulty  in  determining  the  location  of  the  centre  of 
pressure  in  any  part  of  the  ribbed  arch  under  the  different  conditions  of 
load  and  temperature,  when  the  moduli  of  elasticity  and  of  expansion  by- 
heat  are  known  ;  and  hence  there  need  be  no  uncertainty  in  proportioning- 

*  This  tension  can  never  occur  in  the  St.  Louis  bridge,  owing  to  the  initial  stress  caused 
by  the  weight  of  the  superstructure. 
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each  tube  to  benr  its  part  of  the  maximum  i^ressure,  even  if  its  ends  be 
bolted  to  the  abutments.  Mr.  Shreve,  however,  thinks  there  must  be,  and 
declares  as  an  axiom  that  "apian  in  which  such  ambiguity  of  strains 
obtains  is  sufficiently  defective  to  be  rejected  without  further  examina- 
tion."  His  plan  of  investigation  seems,  however,  to  have  escaped  the 
crucial  test  of  his  axiom,  for  its  results  are  not  without  considerable 
"ambiguity,"  inasmuch  as  they  lead  him  to  commit  a  sixth  error  in 
declaring  that  ' '  the  strains  which  are  transferred  by  the  braces  to  the 
lower  tube  are  too  small  to  be  noticed,"  when  in  reality,  with  a  full  load 
and  maximum  temperature,  these  strains  will  equal  about  5  000  tons  in 
any  one  of  the  arches  he  has  criticised. 

Mr.  Shreve  makes  a  seventh  mistake,  in  assuming  that  25  per  cent, 
should  be  added  to  the  material  of  the  tubes  over  what  would  be  required 
if  the  same  material  were  used  in  tension.  The  ratio  of  length  to  diameter 
in  compression  members,  is  too  important  an  element  to  be  thus  lightly 
considered.  The  character  of  the  material  must  also  be  taken  into 
account.  A  prudent  engineer  would  not  trust  cast-iron  in  tension 
with  half  the  strain  he  would  allow  in  compression,  provided  the  ma- 
terial were  in  the  form  of  a  tube  6  or  8  diameters  in  length.  The 
cast-steel  in  the  tubes  of  the  St.  Louis  bridge  will  bear  safely  much  more 
in  compression  in  its  present  form  than  it  could  possibly  do  in  tension. 
Hence  the  extra  25  per  cent,  assumed  by  Mr.  Shreve  is  whoUy  erroneous. 

The  dotted  lines  G,  G,  placed  below  the  lower  segments  in  the 
diagram,  by  which  the  curves  of  these  segments  are  reversed,  will 
at  once  show  that  gTeater  resistance  under  jiartial  loading  will  result 
if  the  depth  of  bracing  be  increased  by  thus  reversing  the  curvature  of 
these  members.  Thus  modified  they  will  closely  resemble  the  counter- 
arches  suggested  by  the  author,  and  exact  calculation  will  demonstrate 
that  in  proportion  as  they  approximate  them  in  form,  the  economy  of  the 
structure  will  be  increased.  Referring  to  the  jointed  halves  of  his  dia- 
gram, Mr.  Shreve  says;  "  that  the  greatest  tension  in  the  lower  arc  of 
either  segment  is  when  that  segment  alone  is  fully  loaded,  is  self-evident. " 
This  constitutes  Mr.  Shreve's  eighth  mistake.  Exact  calculations  show 
that  this  is  neither  true  of  the  rigid  arch,  like  those  at  St.  Louis,  nor  in 
one  with  three  joints  like  Mr.  Shreve's  illustration.  In  both  cases  greater 
tension  will  occur  in  the  lower  members  when  the  maximum  load  per  foot 
has  advanced  so  as  to  cover  either  three  or  five-eighths  of  the  entire 
span.    This  fact  is  shown  gi-af)hically  in  Fig.  14,  accompanying  the  paper. 

Mr.  Shreve  attempts  to  demonstrate  that  57  per  cent,  of  the 
material  used  in  the  St.  Louis  arches  would  have  accomplished  equal 
results  with  ordinary  horizontal  trusses  ;  whereas  it  is  really  beyond  the 
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power  of  any  one  to  sliow  that  tlirice  57  per  cent,  of  it,  could  accomplish, 
any  such  thing.*  He  closes  his  criticism  of  the  St.  Louis  bridge  \\'ith  the 
remark  that  "  engineers  are  likely  to  be  satisfied,  for  the  present  genera- 
tion at  least,  with  what  has  already  been  done  in  the  construction  of 
steel  arches."  This  corollary  is* certainly  sustained  by  his  method  of 
expounding  the  principles  involved  in  them. 

Maj.  Pope  makes  an  admirable  presentation  of  the  apparent  theoreti- 
cal and  practical  advantages  of  the  suspended  arch  over  the  upright  one. 
But  in  doing  this,  he  makes  out  a  stronger  case  against  the  horizontal 
truss  system  which  he  advocates,  than  against  the  one  under  discussion, 
as  we  shall  presently  see.  In  his  comparison,  between  the  two  systems  of 
arch  construction,  it  must  be  manifest  that  every  objection  urged  against 
the  arch  apjilies  equally  to  the  bow-string  girder  ;  which  is  simply  an 
arch  provided  with  a  chord  instead  of  abutments,  with  which  to  resist 
the  horizontal  forces.  Whether  these  forces  be  resisted  by  the  chord  or 
by  the  abutments,  the  necessity  of  maintaining  the  integTity  of  the 
plane  of  the  arch  is  equally  and  absolutely  imperative.  If  we  reverse 
the  arch  in  the  bow-string  girder,  we  reverse  the  strains,  and  have  to  all 
effects  and  purposes,  a  susi^ended  arch,  as  much  so  as  if  back  chains  and 
anchorages  were  substituted  for  the  comiwessive  chord.  In  one  case  the 
centre  of  gravity  is  above  the  points  of  support  and  in  the  other  below. 
As  it  is  necessary  to  brace  all  bridges  against  lateral  forces,  so  as  to  make 
them  i^ractically  immovable,  no  more  bracing  can  be  needed  for  the  bow- 
string girder  whether  the  centre  of  gravity  be  vertically  above  the  ^points 
of  support  or  vertically  below  them.  The  element  of  gravity  cannot 
come  into  play  to  increase  the  strains  on  the  bracing  in  the  one  case,  nor 
to  decrease  them  in  the  other,  so  long  as  the  plane  of  the  arch  re- 
mains vertical  and  the  centre  of  gi'a\dty  is  in  that  jjlane.  If  we  are 
dealing  with  structures  that  are  to  be  permitted  to  sway  from  side  to 
side,  the  case  will  be  quite  differeiit.  In  such  event  the  suspended  arch, 
and  trusses  of  the  Fink  tyi^e,  may  do  with  less  lateral  bi'acing  than  the 

*  I  will  state  for  the  beuefit  of  those  who  desire  to  investigate  this  subject,  that  one  arched 
rib  of  the  centre  span  at  St.  Louis  (exclusive  of  lateral  bracing)  weighs  400  312  pounds.  Of 
this,  328  286  pounds  are  in  the  tubes  (including  bands  and  couplings).  The  tubes  are  all  of 
cast-steel,  tested  to  55  000  pounds  per  square  inch  without  permanent  set,  and  the  highest 
maximum  strain  they  must  bear  will  not  exceed  27  500  pounds.  The  remainder  of  the  rib  is 
of  wrought-iron,  the  allowable  strains  on  which  are  10  000  pounds  per  square  inch.  Four  of 
these  ribs  constitute  the  span.  The  total  dead  load  of  the  span  is  8  000  pounds,  and  maximum 
live  load,  6  400  pounds,  per  linear  foot.  The  clear  span  is  520  feet,  and  the  versed  sine  47.5  feet. 
The  upper  roadway  is  an  unobstructed  street,  54  feet  in  extreme  width,  with  double  line  of  rail- 
way below.  Allowable  tensile  strains  in  wrought-iron  carrying  the  railways,  5  000,  in  other 
wrought-iron  10  000,  and  iu  steel  20  080  pounds,  per  square  inch.  Any  other  data  that  may  be 
desired  will  be  cheerfully  given. 
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upright  areli  or  upright  truss,  but  not  otherwise.  This  fact  must  be  evi- 
dent on  reflection.  It  is  only  when  the  bridge  is  permitted  to  SAvay 
to  the  one  side  or  the  other  that  the  gravity  of  the  structure  can  be  made 
available  to  lessen  the  strains  on  the  lateral  bracing.  Whenever  Ave  as- 
sume that  no  swaying  shall  occur,  we  must  assume  that  the  element 
of  gravity  cannot  enter  into  the  calculations  Avhich  determine  the  strength 
of  the  lateral  bracing. 

It  being  a  fundamental  condition  that  oscillations  shall  be  reduced 
practically  to  zero  in  first-class  bridges,  the  advantages  of  gravity  claimed 
by  Maj.  Pope  for  the  susjDension  bridge  falls  likewise  to  zero.  It  is 
only  during  erection  that  the  effects  of  gravity  involve  greater  care,  and 
in  all  cases,  probably  somewhat  greater  expense,  in  the  upright  arch  or 
truss,  than  in  the  suspension  bridge.  But  it  is-  questionable  whether  we 
can  safely  trust  lighter  lateral  bracing  even  in  a  structure  that  is  permit- 
ted to  oscillate  ;  for  the  momentum  incident  to  the  vibration  may  cause 
the  destruction  of  the  bracing  before  the  opposing  element  of  gravity  is 
brought  sufficiently  into  play  to  save  it. 

The  bow-string  girder  being  simply  an  arch,  with  a  chord  instead  of 
abutments,  it  is  evident  that  to  insure  equal  perfection,  security  and 
stability  for  its  compressive  member,  there  must  be  precisely  as  accurate 
workmanship,  equal  care  in  proportioning  the  length  and  diameter  of  its 
individual  parts,  and  the  same  amount  of  lateral  bracing  as  though 
its  horizontal  forces  were  resisted  by  abutments.  The  question  then 
naturally  suggests  itself,  if  these  are  fatal  objections  in  a  bow-string- 
girder,  wherein  does  the  horizontal  upright  truss  differ  from  it  so  much, 
that  its  compressive  member  can  have  less  accurate  workmanship,  less 
regard  for  the  relation  of  length  to  diameter  in  fixing  the  sizes  of  its 
various  parts,  and  less  lateral  bracing  to  retain  it  in  its  upright  position. 

Maj.  Pope  says  :  "Each  ril?  is  by  itself  utterly  helpless,  even  to  carry 
its  own  weight,  and  must,  therefore,  be  connected  with  other  ribs  by  an 
elaborate  and  expensive  system  of  lateral  bracing.  Its  construction  must 
be  tiibular,  or  rectangular,  or  of  some  similar  form  suitable  to  resist 
flexure,  and  all  such  forms  are  expensive.  It  abounds  in  joints,  each  one 
of  which  must  be  carefully  and  perfectly  fitted.  The  lateral  bracing 
must  be  so  complete  as  to  thoroughly  secure  the  various  ribs  at  intervals 
of  not  greater  than  ten  or  twelve  diameters.  To  erect  it  in  place  is  a 
difficult  and  dangerous  task.  The  centre  of  gravity  is  high  relatively  to 
its  base,  and,  consequently,  the  forces  of  nature  act  against  rather  than 
with  it."  The  author  is  unable  to  discover  in  this  attempt  to  point  out 
the  disadvantages  of  the  upright  arch,  a  single  item  which  does  not  as 
well  apply  against  the  system  Maj.  Pope  is  defending. 
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Eugineers  do  not  need  to  learn  that  in  resisting  equal  compressive 
strains  in  any  trnss  system,  it  is  necessary  to  observe  the  same  laws  in 
proportioning  the  sizes  of  the  members  and  their  sectional  forms,  and 
that  there  is  the  same  need  of  accuracy  in  adjusting  their  bearing  sur- 
faces, as  if  they  were  to  be  used  in  an  arch.  In  every  horizontal  system 
of  trussing,  where  the  points  of  support  are  beneath  the  centre  of 
gravity,  it  is  just  as  imperative  that  the  vertical  plane  in  which  the  rib 
stands,  shall  be  preserved,  as  if  the  rib  were  an  arch,  and  that  it  is  as 
helpless  until  braced  to  its  mate.  To  retain  the  arched  rib,  or  the  hori- 
zontal one  in  j)lace,  the  resistance  to  lateral  motion  must  be  found  at 
the  points  of  support  below  the  centre  of  gravity,  and  Messrs.  Pope  and 
Clarke,  who  question  the  economy  of  the  lateral  bracing  required  in  the 
proposed  system,  surely  will  not  challenge  these  propositions: 

1st.  With  a  given  base,  the  greater  the  height  at  which  the  compres- 
sion member  of  a  truss  is  held,  the  greater  ynW  be  the  bracing  required  ; 
2d.  The  greater  is  the  lenrith  of  the  member  held  at  a  given  height,  the 
gi'eater  will  be  the  bracing  required;  and 

3d.  The  greater  is  the  loeight  of  the  member  held  at  a  given  height^ 
the  greater  will  be  the  bracing  required  ; — in  each,  all  other  conditions 
being  equal. 

Now,  it  is  incumbent  on  those  who  assume  that  the  upright  arch  sys- 
tem proi)osed  cannot  be  so  cheaply  braced  laterally,  to  show  what  con- 
ditions exist  in  the  truss  system  which  overbalance  the  advantages  the 
arch  possesses  by  virtue  of  these  axioms  ; — 

1st.  The  truss  must  have  equal  height  with  the  arch  for  economy. 
2d.  The  length  of  the  member  held  at  the  greatest  height  in  the  truss 
is  much  more  than  in  the  arch. 

3d.  The  weight  of  the  portion  of  the  member  held  at  the  greatest 
height  in  the  truss  is  much  greater  than  in  the  arch,  for  three  reasons — 
first,  that  portion  is  much  longer  ;  second,  the  section  of  the  truss  is 
greatest  in  the  middle,  while  that  of  the  arch  is  least  in  that  part ;  third, 
the  weight  of  the  truss  being  greater  than  the  arch  with  its  chord  in  the 
proposed  system,  the  compression  member  of  the  truss  must  bear  the 
weight  of  a  heavier  chord,  and  hence  must  have  greater  section  at  its 
centre  on  that  account.  That  the  wind  bracing  of  the  truss  is  really 
more  expensive  must,  therefore,  be  evident. 

When  the  fact  is  recognized  that,  in  metal  arches,  the  lengths  of  the 
individual  members  composing  the  arch  should  be  straight,  and  not 
curved  from  joint  to  joint,  these  members  can  be  of  any  form  of  section 
used  in  any  of  the  truss   systems,  and  they  may  be  of  cast  or  wrought- 
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iron,  riveted  plate,  angle  or  channel  bar,  or  of  any  form  of  iron  or  steel 
suitable  in  any  truss  of  equal  dimensions,  the  objections  urged  by  Messrs. 
Macdonald,  Pope,  Clarke  and  Nickerson  will  apply  with  equal  force 
against  every  truss  system  in  existence.  Whether  the  members  are 
butted  against  each  other  at  the  joints,  secured  by  couplings,  riveted 
together  or  held  by  any  other  proper  method,  there  is  no  more  excuse 
for  permitting  inaccurate  workmanship  in  the  truss  than  in  the  arch,  nor 
can  it  possibly  be  shown  that  there  is  less  danger  from  inaccurate 
joints  in  the  truss  than  in  the  arch.  In  the  ribbed  arches  at  St.  Louis 
the  case  was  unusual,  because  two  long  lines  of  tubes  were  extended 
from  skew-back  to  skew-back,  parallel  to  each  other,  only  12  feet  from 
centre  to  centre,  to  form  a  rib,  and  the  intlividual  members  were  only 
about  12  feet  each  in  length.  It  wiU  be  apparent  that  if  a  straight  truss, 
520  feet  long  and  12  feet  deep,  were  required,  that  equal  accuracy  would 
be  needed  in  each  piece,  and  that  if  the  truss  were  four  times  the  depth, 
and  each  piece  two  or  three  times  as  long,  less  accuracy  would  be 
required.  Still  nothing  more  accurate  than  ^^o-inch  was  demanded  in 
fixing  the  lengths  of  the  members,  and  this  is  but  little  more  than  the 
-gV-inch  admitted  by  Mr.  Nickerson  to  be  easily  attainable.  The  ribbed 
arch,  owing  to  its  shallow  depth  of  trussing,  does  involve  more  accuracy 
than  deep  horizontal  systems  ;  but  the  system  proposed  is  not  the  ribbed 
arch.  In  all  bridge  factories,  tools  are  jDrovided  by  which  the  ends  of 
compression  members  are  cut  to  any  required  angle,  with  accuracy  and 
facility,  so  that  the  different  members  in  the  arch,  each  being,  as  it 
should  be,  straight,  the  manufacture  per  pound  for  the  one  kind  of 
structure  should  be  no  more  costly  than  the  other.  The  difference  per 
pound,  on  the  system  proposed  will  be  unobjectionable. 

In  all  truss  bridges  where  the  points  of  support  are  below  the  centre 
of  gravity,  the  lateral  strains  in  the  top  members  are  transmitted  either 
wholly  through  the  end  struts  by  virtue  of  their  stiffness,  to  the  points 
of  suijport  at  the  ends  of  the  truss  ;  or  else  partly  by  these  struts  and 
partly  by  the  intermediate  ones,  down  to  the  floor-system,  and  thence  by 
that  system  to  the  ends  of  the  truss.  This  being  the  fact,  and  it  being 
true  that  the  compression  members  of  the  arch  at  the  ends  can  be 
straight  and  stiff,  just  as  well  as  the  end  struts  of  the  truss,  and  that 
they  incline  at  an  angle  by  which  the  distance  to  the  floor-beams  is  much 
less  than  in  the  end  struts  of  the  truss,  and  therefore  more  easily  braced 
from  the  floor  system,  and  that  two-thirds  or  two-fourths  of  the  length 
of  the  arch  is  much  nearer  the  floor  system  than  is  the  compression 
member  of  the  truss  ;  the  author  is  at  a  loss  to  comprehend  how  any 
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engineer,  who  fully  understands  the  system  of  lateral  bracing  in  the  draw- 
ings, or  the  facility  which  the  greater  proximity  of  the  arch  to  the  floor- 
system  gives  for  any  other  rehable  and  economic  arrangement  of  lateral 
bracing,  can  question  the  ease  and  cheapness  with  which  this  bracing  can 
be  provided. 

Maj.  Pope  and  Mr.  Clarke  both  evidently  misapprehend  this  matter, 
which  is  partly  owing  probably  to  an  inaccuracy  in  one  of  the  drawings. 
The  sectional  views  of  the  bridges,  however,  show  that  there  is  no  neces- 
sity for  the  roadways  being  obstructed  by  the  bracing.  Maj.  Poj)e  is 
mistaken  in  supposing  that  the  chords  are  simply  susj^ended  from  the 
arches.  They  are  secured  to  the  arches — in  addition  to  the  suspension 
rods — by  vertical  struts  at  the  centre  of  the  arch  and  midway  between  the 
centre  and  the  ends  of  the  arch,  as  will  be  seen  on  the  drawings.  Be- 
tween these  points  their  weight  and  that  of  the  roadway  should  prevent 
them  from  rising,  as  they  are  perfectly  straight,  and  are  held  from  de- 
scending at  the  intermediate  points  by  the  suspension  rods.  Introducing 
more  struts  would  not  add  to  the  cost,  as  they  act  as  suspenders.  The 
floor  system,  however,  being  thoroughly  held  vertically,  and  strongly 
braced  laterally,  as  is  shown  by  the  drawings  and  tables,  woiild  not  be 
quite  "as  limber  as  a  whip-lash."  The  compressive  strains  to  be  borne 
by  the  chords  are  as  safely  provided  for  as  in  the  top  memioers  of  any 
railway  trusses  that  are  built.  In  both  designs  the  lateral  floor  bracing 
is  very  thorough  and  am^Dle. 

Mr.  Clarke  assumes  that  a  platform  merely  suspended  from  an  arch, 
must  sway  from  side  to  side  under  a  passing  load.  He  says  :  "horizon- 
tal bracing  alone  will  not  prevent  lateral  motion,  for  the  lower  chord 
being  in  tension  will  vibrate  like  a  stretched  string."  These  views  seem 
strange  to  the  author,  inasmuch  as  they  are  advanced  in  defending 
a  system  of  bridge-building  in  which  on  every  through  bridge,  the  plat- 
form carrying  the  railway  is  also  susi^ended  from  its  compression 
member,  and  has  its  chords  in  tension.  Mr.  Clarke  says  ;  "it 
is  necessary  to  connect  the  floor  by  rigid  angle  bracing  with  the 
upper  chord,  which  being  in  compression  never  leaves  a  straight 
line."  The  author  is  at  a  loss  to  understand  by  what  law  it  is  assumed 
that  in  tension  a  long  member  is  more  likely  to  leave  a  straight  line,  than 
when  in  compression.  It  would  follow  by  this  reasoning,  that  if  each 
were  released  from  its  lateral  system  of  bracing,  the  member  in  com- 
pression would  be  the  last  to  leave  the  straight  line,  whereas  the  con- 
verse is  true.  Mr.  Clarke  has  here  evidently  failed  to  make  himself 
clearly  understood.     The  fact  is,  the  floor  system  in  the  through  truss 
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bridge  has  its  cliords  in  tensiou,  while  in  the  Fink  truss  it  has  its  chords 
in  compression,   and  the   wind   truss   of  the  St.    Louis   bridge,   under 
the  upper  roadway,  has   its  chords  in  neither  tension  or  compression. 
This  shows  that  in  either  condition  the  chords  are  available  for  bracing. 
Certainly,  the  simplest  way  to  secure  a  platform  against  lateral  move- 
ment, is  to  extend  a  system  of  lateral  bracing  in  a  horizontal  i^lane, 
directly  between  the  two  opposite  points  of  suj)i3ort,  and  at  these  points 
to   secure  the  system  to  the  chief  supporting  members  of  the  struc- 
ture, and  thus  make  its  gravity  an  element  of  stability  for  the  inter- 
mediate roadway.     Mr.    Clarke's  argument  would  lead  one  to  suppose 
that  it  were  better  to  throw  up  4  posts  18  or  20  feet  above  this  j)latform, 
and  then  having  these  strongly  braced  against  lateral  motion,  extend  a 
horizontal  system  of  bracing  between  them,  and  from  this  stilted  sys- 
tem at  intermediate  points,  send  down  struts  to  the  platform  below 
and  thus  avoid   the  simple  and  direct  horizontal  bracing  between  the 
IDoints  of  suj^port ;  or  else  assist  the  latter  to  do  what  it  could  much  more 
economically  do  without  the  help  of  its  lofty  coadjutor.     Mr.    Clarke 
adds  :  "  if  this  were  done  in  the  bridge  jn'oposed  by  the  writer,"  (that  is, 
'  connect  the  floor  by  rigid  angle  bracing  with  the  uj)per  chords')  some  of 
the  economy  of  material  claimed  for  it  would  disappear. "  This  is  certaixdy 
very  true,  but  to  the  author  it  would  seem  as  unnecessary  as  to  hold  the 
ground  floor  of  a   rope-walk  by  means  of  rigid  angle  bracing  with  the 
roof  above  it.     The  structure  which  is  raised  above  the  roadway,  whether 
it  be  a  truss  or  an  arch,  is  put  there  solely  to  secure  the  roadway  against 
vertical  movement.     Lateral  bracing  is  absolutely  necessary  to  preserve 
its  position  against  the  effect  of  -n-ind  and  vibration.     When  this  is  pro- 
vided, every  additional  lateral  strain  that  is  thrown  ii^jon  it  by  the  road- 
way beneath,  must  involve   the  use  of  more  material  to  transmit  that 
strain  up  to  the  toj)  chord,  and  through  it  to   the  end  posts,  and  then 
down  again  through  them  to  the  points  of  support,  than  would  be  re- 
quired if  that  strain  were  transmitted  to  those  points  in  a  direct  horizon- 
tal plane.      This  must  be   so   evident   to  the   distinguished  engineers 
(Messrs  Pope  and  Clarke),  who  have  discussed  the  question  of  the  lateral 
stability  of  the  x^roposed  system,  that  further  argument  is  unnecessary. 

As  nothing  can  be  more  evident  than  that  the  horizontal  plane  be- 
tween the  points  of  su^jport  is  the  most  economic  location  for  lateral 
bracing,  it  follows  that  by  rigid  connections  from  bracing  located  in  this 
l)lane  with  the  structure  above  it,  any  lateral  forces  affecting  the  stability 
of  the  members  above  can  be  more  economically  brought  down  to  this 
system,  and  transmitted  through  it  to  the  points  of  support,  than  is  j)os- 
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sible  by  reversing  this  order  of  bracing.  It  follows,  too,  that  the  less 
distant  the  upper  member  is  from  the  lower  system  of  bracing,  the  more 
directly  and  economically  can  the  strain  be  brought  down  to  it. 

The  author  claims  that  the  economy  and  facility  with  which  lateral 
support  can  be  imparted  to  the  arch  through  the  wind  bracing  of  the 
roadway  are  advantages  possessed  by  this  system  over  that  of  the  hori- 
zontal truss  systems.  Maj.  Pope  says,  however,  that  where  the  lateral 
floor  bracing  is  weakest  in  this  system  is  just  where  it  needs  the  gTeatest 
strength,  if  it  be  required  to  support  the  ends  of  the  arches  where  the 
bracing  between  them  is  intermitted  on  account  of  head  room  for  the 
locomotive.  Is  not  he  forgetting  the  difference  between  the  chords  and 
the  system  of  vertical  arch  bracing  proposed,  and  that  of  the  ordinary 
truss  systems  ?  The  horizontal  forces  of  the  arch  are  all,  by  its  peculiar 
bracing,  thrown  directly  on  to  the  chords  at  the  ends,  consequently  these 
strains  require  the  chords  to  be  of  uniform  section  throughout,  and  for 
this  reason  they  are  not  like  ordinary  truss  chords,  weaker  at  the  ends  of 
the  truss,  whilst  the  lateral  bracing  between  the  chords  in  this,  like  any 
other  truss,  is  not  the  weakest  at  the  ends,  but  the  strongest  there. 

Mr.  Whipple's  theoretical  comparison  of  the  economy  of  the  lever- 
disks  and  chord  arrangement  suggested,  seems  to  the  author  not  ex- 
actly fair,  inasmuch  as  he  bases  his  conclusions  on  the  fact  that  the  chord 
of  a  bow-sti'iug  girder  braced  between  chord  and  arch  by  uprights  and 
diagonals  resists  but  39  ])er  cent,  of  the  strain  upon  the  whole  material  of 
the  truss. .  From  this  basis  he  proceeds  to  estimate  the  saving  by  the 
chord  system  proposed,  which  is  incorrect,  for  the  reason  that  the  arch 
proposed  is  braced  in  a  much  more  economic  manner  against  unequal 
loads,  than  in  the  ordinary  bow-string  girder,  and  this  enables  the  chord 
to  be  lighter,  which  in  turn  diminishes  the  weight  of  the  arch.  Again, 
the  chord  in  the  jjroposed  system  resists  all  of  the  horizontal  foi'ces  of  the 
arch,  and  therefore  it  constitutes  much  more  than  39  per  cent,  of  the 
resisting  material,  if  the  lever-disk  system  is  not  used.  But  if  it  be  used, 
the  chord  will  receive  but  one-half  of  the  entire  thrust  of  the  arch,  and 
thus  when  it  saves  half  of  the  weight  of  the  chord,  there  is  an  addi- 
tional saving  in  the  arch  itself  by  being  relieved  of  this  much  dead 
weio^ht.  It  is  evident,  then,  that  in  such  a  comparison,  the  system 
shoiTld  first,  receive  credit  for  a  reduction  in  the  weight  of  the  arch  itself, 
due  to  a  more  economic  bracing  against  unequal  loading,  and  second, 
for  the  additional  saving  of  material  in  the  arch  resulting  from  being- 
relieved  of  half  the  weight  of  the  chord,  both  of  which  seem  to  have 
been  overlooked  by  Mr.  Whipple. 
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In  this  conuection  the  author  will  state,  that  detail  plans  for  a  bow- 
string girder  on  the  system  proposed,  517  feet  between  the  end  pins  of 
the  chord  and  with  one-eighth  versed  sine,  were  carefullY  prepared  under 
the  direction  of  Col.  Flad,  to  determine  a  wager  that  this  truss  would 
Aveigli  less  than  two-thirds  of  the  weight  of  a  horizontal  truss  to  carry  the 
same  load  (2  500  pounds  per  linear  foot)  over  the  sapie  length  of  span, 
using  the  same  kind  of  material  and  with  equal  safety  ;  and  to  be  one  of 
a  design  used  in  several  of  the  longest  span  bridges  in  this  country. 
The  weights,  strains,  &c.,  of  the  horizontal  truss  were  to  have  been 
supplied  12  or  15  months  ago,  to  determine  this  wager,  but  this  has 
not  yet  been  done.  This  bow-string  girder,  including  everything,  weighs 
3  100  pounds  per  linear  foot ;  the  arch  is  of  steel,  to  bear  20  000  pounds 
per  square  inch  ;  all  the  other  parts  are  of  wTought-iron,  including  the 
chords,  which  take  the  entire  thrust  of  the  arch. 

It  will  certainly  be  interesting  to  the  profession  to  know  whether  the 
author  would  win  or  lose  this  Avager,  under  the  decision  of  a  designated 
umjiire  who  stands  in  the  front  rank  of  bridge  engineers  and  by  whom 
all  questions  of  safety,  details  of  calculations,  and  proper  proportions  of 
members  are  to  be  examined  and  revised,  and  the  question  of  total 
weight  decided,  in  the  event  of  the  decision  of  Col.  Flad  being  chal- 
lenged. Perhaps  the  simplest  way  of  determining  the  question  of  econ- 
omy in  the  proposed  system  of  bracing  the  arch  under  j^artial  loads,  will 
be  for  those  wiio  deny  its  existence  to  submit  to  the  Society  the  details  and 
weights  of  a  horizontal  truss  of  517  feet  span  on  the  above  data,  and  show 
how  nearly  it  approximates  to  3  100  pounds  per  linear  foot  in  weight. 

Engineers  who  object  to  this  system  on  the  ground  that  "great  in- 
crease in  lengths  of  span  generally  seems  unnecessary,"  lose  sight  of  the 
fact  that  if  there  can  be  great  economy  attained  in  long  spans  by  this 
system,  the  cheapening  of  shorter  ones  by  it  must  be  admitted. 

With  reference  to  steel  in  bridges,  it  would  seem  that  where  its  advan- 
tages are  so  jjlainly  manifest  as  they  have  been  shown  to  be  in  reviewing 
Mr.  Macdonald's  remarks,  it  is  the  duty  of  aU  engineers  to  encourage  its 
use  in  the  construction  of  bridges,  roofs,  <fec. ,  in  preference  to  iron.  The 
author  is  confident  that  if  such  were  given,  it  would  not  be  long  before 
a  quality  would  be  supplied  at  moderate  prices  which  could  be  easily 
worked,  and  be  reliable  in  tension  as  weU  as  comj^ression  for  strains 
three  times  as  great  as  the  wrought-iron  usually  jnit  into  bridges.  Steel 
may  be  considered  as  iron  more  highly  refined,  hence  it  would  seem  that 

a  structure  w  here  Aveight  is  such  an  important  element  of  cost,  every 
encouragement  should  be  given  to  produce  the  most  superior  material. 
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If  tliis  were  done,   the  demand  would  soon  induce  a  competiticni  that 
would  reduce  the  present  cost. 

Mr.  Clarke  makes  an  objection  to  the  bow-string  girder  because 
"practice  has  shown  that  the  deflections  on  a  bow-string  girder  are 
very  great  at  each  end,  owing  to  the  want  of  height  of  the  truss  at  these 
points."  This  faat  the  author  is  inclined  to  believe  is  by  no  means  well 
established.  It  may  result  from  defective  designs,  and  may  be  partly 
imaginary.  The  proposed  system,  however,  enables  the  fault  affirmed 
by  Mr.  Clarke  to  be  economically  overcome  in  a  manner  not  jjossible 
with  the  ordinary  bow-string.  In  it,  o^ning  to  the  loss  of  economy  in 
long  compression  members,  the  height  of  the  truss  is  kept  down  in  spans 
o~f  important  lengths,  but  in  the  system  under  discussion  a  versed  sign  of 
one-sixth  or  one-seventh  will  be  found  to  be  among  the  most  economic 
proi^ortions  for  ordinary  lengths  that  can  be  given,  which  A^ill  greatly 
increase  the  depth  at  the  ends.  If  this  deflection  exists  in  ordinary 
bow-string  trusses  to  the  extent  claimed,  it  results  more  from  the  manner 
of  trussing  with  verticals  and  diagonals  between  the  arch  and  chord,  than 
from  want  of  dejith.  The  method  proposed,  distributes  in  a  manner 
quite  different,  the  strains  from  unequal  loading  through  the  action  of 
the  inverted  arches,  and  prevents  the  objectionable  deflection. 


ON   THE   EFFICIENCY   OF   FUKNACES   BUBNING   WET   FUEL.f 

Mr.  Chakles  E.  Emeey  : — I  desire  to  express  my  pleasure  at  the  very 
thorough  manner  in  which  the  subject  has  been  discussed.  The  means 
adopted  for  obtaining  the  temperature  of  the  uptake  are  novel,  and  in  my 
opinion  as  well  calculated  to  give  accurate  results,  as  by  the  use  of  ther- 
mometers, pyi'ometers,  &c.,  of  the  class  ordinarily  sold. 

Prof.  Thurston  is,  however,  mistaken  in  the  supposition,  which  the 
words  of  the  paper  imply,  that  a  calorimeter  was  first  used  for  testing 
steam  boilers  at  the  American  Institute  trials  of  1871.  The  advantages 
of  the  system  were  i^ointed  out  by  Mr.  B.  W.  Farey,  of  England,  in 
"Engineering,"  Sept.  17,  18G8,J  and  an  account  illustrated  by  draw- 
ings, given  of  practical  experiments  made  with  such  an  apparatus.  By 
his  system  the  boiler  and  engine  were  both  tested  at  the  same  time,  the 
feed-Avater  being  measured  in  tanks  before  it  was  pumped  into  the  boiler, 
and  the  quantity  of  water  from  condenser  ascertained  by  the  use  of  a 
weir  on  the  edge  of  a  tank  provided  with  baffling  screens  to  regulate  the 
velocity  of  ajoproach.      Indicator  diagrams  and  records  of  the  tempera- 

t  Coutiniied  from  page  318.  +  Vol.  VI,  page  58. 
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ture  of  the  water  from  condenser  were  taken  at  the  same  time.  By  these 
means  the  number  of  heat  units  supplied  to  water  in  boiler  was  ascer- 
tained ;  also,  the  number  required  per  unit  of  power  in  the  engine. 

This  method  of  testing  is  designated  by  "Engineering"  the 
"Farey  and  Donkin"  system,  and  trials  made  in  accordance  therewith 
have,  several  times  during  the  past  few  years,  been  described  in  the 
columns  of  that  journal. 

Mr.  John  Pinchbeck,  also  of  England,  appears,  however,  to  have 
used  the  principle  before  Mr.  Farey  gave  it  such  publicity,  he  having 
actually  weighed  the  water  from  condenser  in  a  large  tank.  * 

The  value  of  a  calorimeter  in  determining  the  evaporative  efficiency 
of  different  boilers  tested  in  competition  will  be  universally  acknowledg- 
ed. It  will  be  found  also  very  useful  in  making  experiments  with  engines 
taking  steam  under  different  conditions  from  the  same  boiler.  In- 1869, 
when  in  charge  of  the  steam-engine  trials  at  the  American  Institute  Ex- 
hibition, I  pointed  out  by  computations  founded  on  the  terminal  pres- 
sures from  indicator  diagrams  that  the  "percentage  of  moisture  iiresent 
in  the  steam  "  was  20.53  for  one  engine  and  9.01  for  another,  steam  being 
furnished  from  the  same  boiler  in  both  cases  ;  such  result  being  par- 
tially due  to  differences  in  the  management  of  the  boiler,  f 

Shortly  after  this,  Mr.  Leicester  AUen  designed  a  modification  of  the 
calorimeter  originally  used  by  Regnault  and  others  in  determining  the 
properties  of  saturated  steam,  which  he  proposed  to  use  for  ascertaining 
the  quantity  of  moisture  carried  over  with  the  steam  from  boilers  in 
practical  use,  by  blowing  into  the  apparatus  small  quantities  of  steam 
from  time  to  time,  and  thus  ascertaining  the  quality  of  steam  "by 
sample,"  so  to  speak. 

In  the  boiler  trials  at  the  American  Institute  in  1871,  referred  to  in 
the  i3aper.  Prof.  Thurston's  apparatus  condensed  aU  of  the  steam,  as  in 
the  Farey  system,  but  a  surface  condenser  was  employed  and  the  con- 
densing water  measured  with  meters. 

In  ordinary  cases  where  the  work  is  uniform,  I  think  it  quite  sufficient 
to  test  by  the  calorimeter,  portions  of  the  steam  supplied  by  the  boiler. 
In  October,  1873,  I  j^ut  iu  use  a  simple  calorimeter,  somewhat  like 
that  referred  to  in  the  paper,  using,  however,  a  wash-tub  instead  of  a 
barrel,  and  a  coil  of  iron  pipe  instead  of  a  hose.  A  flat  piece  of  wood, 
used  as  stirrer,  in  connection  with  the  spiral  shape  of  the  coil,  served  to 


*  Engineering,  Vol.  VIII,  page  28. 

t  Superintendent's  Report,  Transactions  American  Institute,  1869-70. 


H36 


keep  the  temperature  of  the  water  uniform.  I  fiud,  however,  that  I 
used  a  formula  to  obtain  the  results  somewhat  simpler  in  form  than  that 
given  in  the  paper.  As  it  may  be  of  interest,  it  is  here  reproduced, 
using,  as  far  as  possible,  the  same  characters  as  in  the  paper  : 

Let  U  -^^  total  number  of  heat  units  imparted  to  water  ;  t  =  number 
of  heat  units  ti-ansferred  per  pound  of  water  added  ;  L  =  latent  heat  of 
steam  at  observed  pressure  ;  TF  =  weight  of  steam  and  water  added,  and 
X  =  weight  of  steam  added,  then  W —  .*;  will  equal  amount  of  moisture 
present  with  the  steam.  Now  the  whole  of  the  steam,  together  with  the 
moisture  present  in  the  same  (  W),  transfers  to  the  calorimeter  the  num- 
ber of  heat  units  [t)  corresi^onding  to  the  difference  in  temperature  of  the 
original  steam  and  that  of  the  water  in  calorimeter  at  the  close  of  the 
experiment.     The  steam  added  [x]  transfers  also  its  latent  heat  [L)  to  the 

calorimeter,  so 

U—  Wt 
Wt  +  Z.c  =  C7'and  x  = ^ 


Ekeata. — On  page  254,  for  the  second  table  read  the  following  : — 


Load  (allowing 

15  Tons  for  each  Tender). 

Deflection  (inches 
Centre  of 

AT 

LOOOMO- 
TIVES. 

Weight  in 
Tons. 

Placed  on  Middle  of 

Rib  A. 

Rib  B. 

Rib  C. 

Rib  D. 

7 
7 
7 

"1 

334 
334 
350 
334 
350 
334 
350 
492 

South  Track  of  Span  III 

"      "      "       II 

"      "      "        I 

Noith     "      "1 

[  Span    I 

South     "      "  ) 

North     "      •'  ) 

\  Span  II 

South     "      "  ) 

"      "        "     II 

2.48t 

2.8t 

2.48t 

3.048 

3.48 
2.37 

1.84t 
2.15t 
1.8t 

2.892 
3.44 

1.331; 
1.37t 

1.27t 

2.riG 
3.89 

0.831: 

l.U 

0.82+ 

3. 
3.92 

*  Did  not  cover  whole  span.  t  Loaded  rib.  +  Rib  partially  loaded. 

On  page  286,  fourteenth  line,  for  "212  500,"  read  "215  500"  ;  six- 
teenth line,  for  "333  700,"  read  "339  700  ";  at  beginning  of  seventeenth 
line,  insert  "whence  3  397  000  pounds";  and  in  twenty-fourth  line 
omit  "it  can  be." 


<^Vg^  c/   /^v/  tu>ay 
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MEMOIE  OF  THE  CONSTRUCTION  OF  A  MASONRY  DAM. 
A  Paper  by  J.  James  E.  Ckoes,  C.  E.,  Member  of  the  Society. 

FOK  WHICH   THE  NOKMAN   MEDAL  WAS   AWABDED. 

November  4th,  1874:.* 


Preliminary. — g  1.  The  dam  described  in  the  following  paper  was 
constriacted  on  a  branch  of  the  Croton  river,  in  Putnam  county  in  the 
State  of  New  York,  by  the  Croton  Aqueduct  Board,  the  department  of 
the  government  of  New  York  city  which  was  charged  with  the  construc- 
tion and  maintenance  of  works  for  the  supply  of  water  to  the  city. 

§  2.  The  object  of  the  dam  was  the  creation  of  a  reservoir  for  storing 
water  to  supply  the  deficiency  in  the  daily  yield  of  the  stream,  which 
existed  during  the  summer  months  of  dry  years,  the  minimum  flow  being 
not  more  than  four  million  cubic  feet  per  day,  while  the  consumption 
had  reached  double  that  amount,  and  was  ra^jidly  increasing. 

^  3.  The  necessity  for  artificial  storage  reservoirs  had  long  been  fore- 
seen by  Mr.  Alfred  W.  Craven,  the  chief  engineer  and  a  member  of  the 
Croton  Aqueduct  Board  since  its  organization  in  1849,  and  in  1857-58  he 
had  caused  a  topographical  survey  of  the  water-shed  of  the  Croton  river 
to  be  made,  with  a  view  to  determine  available  sites  for  such  reservoirs. 
The  survey  showed  that  fourteen  such  sites  existed;  but  not  until  April, 
1865,  was  the  requisite  authority  procured  from  the  Legislature  to  con- 
struct a  storage  reservoir. 

*  The  Board  of  Censors  in  awarding  the  prize  of  the  Norman  Medal  of  1874,  to  this  paper 
on  "  The  Construction  of  a  Masonry  Dam,"  wish  it  to  be  understood,  that  such  decision 
must  not  be  considered  as  the  expression  of  an  opinion  on  their  part,  as  to  the  correctness  of 
the  views  entertained  by  the  author,  but  that  the  paper,  in  the  treatment  of  the  subject, 
serves  as  a  model  in  their  judgment  for  the  class  of  paiiers,  the  production  of  which,  it  was 
the  intention  of  the  founder  of  the  i)remium  to  encourage. 

J.  W.  Adams,  Pres.  American  Society  of  Civil  Engineers, 

F.  A.  P.  BabNjUsd,  President  Columbia  College,  f  Board  of  Censors. 

J.  G.  Baknakd,  Colonel  of  Engrs.,  Brt.  Major-  Genl ,  U.  S.  A., 
November  4th,  1874. 
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^  4.  Nearly  a  year  was  consumed  in  careful  examination  and  com- 
l^arison  of  sites,  and  on  March  17th,  18GG,  it  was  determined  to  build  a 
reservoir  at  Boyd's  Coruers  on  the  west  branch  of  the  Croton,  23  miles 
by  the  course  of  the  stream  from  the  Croton  Dam,  where  the  acjueduct 
begins  which  conveys  water  to  the  city. 

g  5.  The  reservoir  as  constructed  here,  has  a  water  surface  of  279 
acres,  a  maximum  depth  at  the  dam  of  57  feet,  a  mean  depth  of  30  feet, 
and  a  capacity  of  364  000  000  cubic  feet. 

§  6.  At  the  site  selected  for  the  dam,  the  hills  enclosing  the  valley  ap- 
proach each  other,  leaving  at  the  level  of  the  stream  a  space  of  only  200 
feet  in  width,  and  at  70  feet  above  the  stream,  700  feet.  The  centre  line 
of  the  dam  is  at  right  angles  to  the  axis  of  the  valley  at  this  point,  and 
bears  nearly  northeast  and  southwest. 

§  7.  The  northeasterly  hill-side  was  covered  with  large  slabs  of  a  very 
compact  and  fine  and  even-grained  gneiss,  piled  one  upon  another,  vary- 
ing in  thickness  from  (5  to  GO  inches.  The  rift  of  the  stone  was  at  right 
angles  to  the  bed  on  which  it  lay  ;  the  slabs  were  at  an  angle  of  lO'^, 
and  the  general  slope  of  the  hill  was  1G^°.  The  ledge  underlying  the 
slabs  was  of  much  the  same  character,  but  not  quite  so  fine  grained.  The 
general  surface  was  smooth,  and  sloping  at  the  inclination  of  the  hill. 
Occasional  seams  were  found  to  run  in  nearly  horizontally,  from  5  to  20 
feet,  then  apparently  terminating  abruptly.  The  surface  slabs  made 
excellent  stone  for  cutting  where  they  were  of  sufficient  thickness  to 
give  the  requisite  beds.  It  Avas  found  impracticable  to  quarry  out  of  the 
ledge,  good  stone  for  cutting. 

^  8.  At  an  elevation  of  15  feet  above  the  stream,  the  rock  was  overlaid 
with  about  10  feet  of  drift,  or  compact  gravelly  earth,  containing  about 
ten  per  cent,  of  its  bulk  of  large  boulders.  The  flat  ground  through 
which  the  stream  HoweJ  was  swampy  on  the  surface,  underlaid  by  some 
blue  clay,  beneath  which  was  a  mass  of  loose  boulders  and  cobble  stone, 
which  was  succeeded  by  coarse  gravel  and  sand  which  extended  to  the 
rock,  and  through  which  a  considerable  amount  of  water  percolated. 

2  9.  The  southwest  hill,  rising  at  an  angle  of  22°,  was  composed  of 
compact  gravel  and  boulders,  overlying  a  very  fine  grained  unstratified 
hard  blue  rock.  The  surface  of  this  rock  was  smooth,  but  its  profile 
irregular  and  in  benches.  It  lay  at  a  depth  of  from  5  to  15  feet  below  the 
surface  of  the  ground.  In  the  centre  of  the  valley  the  two  classes  of  rock 
seemed  fused  together,  no  marked  seam  separating  them.  The  rock 
here  was  18  feet  below  the  stream  level. 
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^  10.  No  dam  at  this  jDlace  could  be  made  safe  or  water-tight,  without 
removing  all  the  natural  material  and  founding  the  structure  on  the  rock. 
All  the  earth  within  a  mile  of  the  dam  site  contained  so  large  a  propor- 
tion of  boulders  and  coarse  gravel  as  to  render  it  unfit  for  water-tight 
embankment,  except  at  enormous  expense  for  separating  and  screening 
out  the  stone.  An  earthen  embankment  would  have  demanded  for  safety, 
a  tunnel  through  the  rock  of  the  hill-sides  for  the  discharge-pipe  at  the 
stream  level,  and  a  rock  cut  of  some  15  000  cubic  yards  in  the  hill-side  at 
flow  line,  for  waste-water. 

§  11.  The  stream  was  liable  to  sudden  and  severe  freshets  which  could 
not  be  prevented  from  overflowing  the  dam  during  construction.  Such 
a  freshet  would  necessarily  destroy  a  partially  completed  earth  embank- 
ment. 

g  12.  An  abundant  quantity  of  stone  of  excellent  quality  lay  on  the 
hill-sides  within  a  short  distance  of  the  dam  site. 

^  13,  These  considerations  led  to  the  decision  that  the  dam  should  be 
of  masonry.  Below  the  level  of  the  stream,  the  foundation  is  composed 
of  concrete  in  which  are  imbedded  large  unwrought  stones.  Above  the 
stream  level,  the  concrete  hearting  is  faced  on  both  sides  with  coursed 
stone  with  cut  beds  and  joints;  for  15  feet  above  the  stream,  large  un- 
wrought stones  are  imbedded  in  the  concrete;  and  above  that  elevation, 
the  hearting  is  entirely  composed  of  concrete  of  small  stones. 

Form  and  Stability.— |  14.  The  form  of  a  trapezoid  with  a  vertical 
face  opposed  to  the  water,  was  adopted,  as  affording  the  requisite 
stability  with  the  least  amount  of  material  and  least  difiiculties  of  con- 
struction. The  form  and  dimensions  of  the  wall  are  shown  in  Fig.  1. 
The  notation  used  is  as  follows : 

h  =  height  of  wall,  or  distance  from  toj)  to  any  bed  joint. 

ft  =  top  width  of  wall. 

or   =  angle  of  inclination  of  face  of  wall,  to  the  vertical. 

b  =  width  of  wall  at  any  bed  joint  at  the  distance  h.  below  the  top  ^ 
a  +  h.  tan.   <x. 

d  =  horizontal  distance  of  the  centre  of  gravity  of  the  section  of  the 
wall,   from  the  vertical  face.      For  a  homogeneous  wall  of  this  form, 

P  ;=  pressure  of  water  on  the  vertical  face  =  -^  when  the  weight 
of  a  cubic  foot  of  water  is  taken  at  unity. 

^    =  specific  gravity  of  the  material  of  the  wall. 
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Tr=  Aveiglit  of  wall  =  -^     [a  +  h). 

0  =  angle  of  inclination  to  the  vertical  of  the  resultant  of  pressures, 

P 

.:  tan.  y  =  -==:. 
W 

m  =  ratio  which  the  distance  from  the  exterior  edge  of  the  bed  joint 

to  the  point  where  the  resultant  of  pressures  intersects  that  joint,  bears  to 

,    ,       .-1.1     ^,1      •   •    ,       ,                  ■,        dA-\h.tan.f)      ^ 
the  whole  width  of  the  .Tomt  or  h; .-.  j?i  =  1 . .     lo  insure 

0 

there  being  no  tension  on  any  part  of  the  bed  joint,  in  must  not  be  less 
than  0.333.*  In  practice,  English  engineers  are  said  to  adopt  as  a  safe 
value  m  >  0.125,  while  the  French  engineers  adopt  the  limit  m  >  0.2. 
In  the  calculations  for  this  dam,  the  limit  is  taken  m  >  0.25. 

71  =  ratio  which  the  deviation  of  the  centre  of  pressui'e  at  a  bed  joint, 
from  the  perpendicular  let  fall  from  the  centre  of  gravity,  bears  to  the 
whole  base.     This  ratio  is  the  same  ^s  [q  -{-  q^)  used  by  Rankine.    From 

the  figure  n  =  -~r-  tan.  Q. 

q>  =  angle  at  which  one  stone  will  slide  upon  another. 

§  15.  In  all  the  calculations  for  the  wall,  it  is  assumed  that  the  water 
will  stand  at  the  level  of  the  top  of  the  wall,  although  the  flow  line  of 
the  reservoir  is  3  feet  lower.  This  assumption  simplifies  the  calculations, 
and  provides  against  any  contingencies  which  might  arise  in  freshets.  It 
is  also  assumed  that  the  bed  joints  are  horizontal.  The  batter  of  the  face 
wall,  and  the  fact  that  the  joints  of  the  courses  there  are  normal  to  the 
face,  make  the  bed  joints  jDractically  inclined  to  the  horizon,  and  there- 
fore presenting  greater  resistance  to  sliding  and  overturning,  than  is 
assumed  in  the  calculations. 

1  16.  For  purposes  of  calculation  these  values  are  assumed — specific 
gravity  of  the  masonry,  6  =  2.33  ;  the  limiting  angle  of  sliding  of 
dressed  stone  ujjon  each  other,  which  is  given  by  various  authorities  as 
from  31°  to  35°  is  taken  at  32°  .  •.  tan  cp  =  0.625. 

I  17.  For  economy  of  material,  the  wall  should  ainiroach  in  section  to 
the  wall  of  uniform  stability,  which  is  triangular.      In  this  case,  such  a 
wall  would  have  a  face  batter,  of  which  tan  oc  =  O.GST.f     On  the  other 
hand,  on  account  of  practical  difficulties  of  construction,  the  value  of  a 
should  not  exceed  the  limiting  angle  of  sliding  of  stones  on  moist  mortar. 

*  Van  Buren,  LVII.  Transactions  (20). 

t  Rankiue's  Applied  Mechanics,  §  216.    Equation  (14). 
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Some  experiments  give  this  angle  at  22'\  The  angle  adopted  for  the 
wall  is  21°  49',  or  tan  <x  =0.4. 

§  18.  The  condition  of  frictional  stability  for  the  wall  is  tan  S  <  tan 
(p,  q>  being  taken  at  the  limiting  angle  for  dressed  uncemented  stone  ;  if 
0  is  made  equal  to  qj  for  a  cemented  wall,  the  adhesive  power  of  the 
mortar  is  amply  sufficient  to  produce  the  required  inequality  ;  we  have 
therefore  tan  0  =  0. 625. 

g  19.  The  equation  of  stability  of  jjosition  [i.e.,  against  overturning) 

for  a  wall  of  this  form* 

-J-  h^ 

Substituting  the  values  of  the  factors  as  given  in  ^  14,  and  reducing,  we 
obtain  for  toj)  width  of  dam 
h   /       1 


^  _  -  Ian.   a    )  .  •  .  in  this  case  a  =  0 .  1433  h. 

2    \o  tan.  &  / 

For  different  heights  of  dam,  the  values  of  a  to  fulfill  the  conditions 

of  stability  are  therefore  : 

h.  a.  h.  a. 

10 1.43  40 5.73 

20 2.8G  50 7.16 

30 4.30  60 8.60 

^  20.  As  built,  a  =  8.6  for  so  much  of  the  dam  as  lies  between  the 
points  whei'e  the  plane  of  the  stream  level  intersects  the  slope  of  the 
hills.  Between  those  points  and  the  extremities  of  the  dam,  as  h 
diminishes  rapidly,  the  same  width  of  dam  at  toi^  would  give  an  unneces- 
sary excess  of  material.  At  the  same  time,  a  less  value  of  a  than  5  feet 
is  not  advisable,  that  being  the  thickness  of  the  two  facing  walls,  and 
the  least  that  is  efficient  for  water-tight  work.  The  top  width  of  the 
dam  is  therefore  reduced  between  the  points  above  mentioned  and  the 
ends  of  the  dam,  by  deflecting  the  line  of  the  vertical  face  until  at  the 
ends  of  the  dam  it  is  5  feet  from  the  front  angle,  the  line  of  the  front 
angle  being  straight,  and  the  sloping  face  a  plane  surface  throughout. 

^  21.  Below  the  level  of  the  sti'eam,  the  width  of  the  masonry  was  in- 
creased 1  ^  feet  on  each  side,  and  the  foundation  carried  to  the  rock  with 
a  slope  on  each  face  of  1  to  2. 

I  22.  As  originally  designed,  the  waste  water  from  the  reservoir  when 
full,  was  intended  to  tiow  over  the  top  of  the  masonry  at  the  northeast 
end  of  the  dam,  the  masonry  there  being  left  lower  than  on  the  rest  of 
the  wall.     The  overfall  was  ai*ranged  in  three  sections,  one  at  the  extreme 

*  Bankine's  Applied  Mechanics.    §  216  (2  A). 
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end  cut  in  the  rock,  30  feet  long  at  flow  lino  elevation,  the  second  9 
inches  higher,  over  the  masonry  and  100  feet  long,  and  the  third  1 J  feet 
above  flow  line,  and  70  feet  long.  The  rock  at  the  base  of  the  face  wall 
for  220  feet  at  this  end  to  receive  the  base  stones,  was  cut  in  steps,  level 
on  the  face  and  sloping  back  at  the  angle  of  the  wall. 

I  23.  For  drawing  off  the  water  in  the  reservoir,  two  water  ways,  each 
4i  feet  in  diameter,  were  built  through  the  dam  at  stream  level,  as  shown 
in  the  Plate.  Grooves  for  stop  plank  were  arranged  on  the  up-stream 
face  of  the  dam,  and  cast-iron  gates  with  composition  facings  were  in- 
tended to  be  placed  in  a  gate-house  fitted  for  the  purpose  on  the  lower 
side. 

§  24.  An  earth  embankment  was  built  against  both  sides  of  the  dam 
to  10  feet  above  the  stream  level.  To  prevent  percolation  of  water 
through  the  masonry,  it  was  intended  that  the  joints  on  the  up-stream 
side  of  the  wall  should  be  raked  out,  and  then  thoroughly  calked  and 
pointed  with  cement.* 

§  25.  In  1870  when  the  dam  was  nearly  completed,  the  control  of  the 
work  was  transferred  by  the  organization  of  the  city  government  under 
the  charter  of  April,  1870,  to  a  Department  of  Public  Works,  which  took 
the  place  of  the  Croton  Aqueduct  Board. 

§  26.  The  new  authorities  made  the  following  changes  of  plan  : 

1st.  On  the  water  side  of  the  dam  an  earthen  embankment  was  built, 
20  feet  wide  on  toji,  and  with  slope  of  5  to  2. 

2d.  At  the  foot  of  this  slope  a  tower  of  masonry  was  built  to  above 
the  water  level.  From  the  tower,  in  which  are  grooves  for  stop-plank, 
two  lines  of  36-inch  pipe  were  laid  underneath  the  embankment,  and 
through  the  water  ways,  and  carried  several  hundred  feet  below  the  dam. 
Stop-cocks  were  i^laced  in  a  vault  built  against  the  upper  face  of  the 
dam. 

3d.  An  excavation  was  made  in  the  rock  at  the  northeast  end  of  the 
dam,  about  100  feet  in  width,  for  the  waste  way. 

?  27.  By  tlie  construction  of  the  earth  embankment,  the  masonry 
dam  is  changed  into  a  retaining  wall,  which  is  impervious,  and  sustains 
a  bank  of  earth  exi^osed  to  saturation.  If  there  could  be  any  certainty 
that  the  embankment  was  impervious  to  water,  the  stability  of  the  wall 
would  not  be  endangered.  But  the  embankment  was  built  upon  the 
original  porous  gravel,  20  feet  in  depth,  extending  entirely  under  the 

*  The  dam  was  designed  and  the  specifications  prepared  by  Gen.  George  8.  Greene. 

Engineer-in-CLarge . 


343 


bank  to  within  a  few  feet  of  the  dam  ;  it  was  built  by  contract,  and  not 
rolled  nor  thoroughly  rammed,  but  merely  carted  over.  The  material 
is  not  such  as  to  "  puddle  "  well.  It  is  therefore  extremely  improbable 
that  the  portion  adjoining  the  dam  will  be  secure  from  the  infiltration  of 
water  falling  on  its  surface,  or  the  jjenetration  of  the  water  from  below, 
under  60  feet  head  in  the  reservoii-. 

^  28.  If  it  is  saturated,  the  pressure  against  the  wall  is  equivalent  to  that 
of  a  fluid  of  the  same  specific  gi-avity  as  the  earth.  If  this  is  taken  only 
as  1.60,  the  value  of  tan  H  becomes  at  the  bed  joint  (60  feet  below  top  of 
dam)  =  0.996,  and  the  resultant  of  pressures  strike  the  base  only  1.1 
feet  inside  the  edge,  making  ?«  =  0.034,  showing  that  instead  of  a  dam 
amply  strong  to  resist  any  pressure  of  water,  the  wall  has  become  a  re- 
taining wall  so  near  the  limit  of  stability  as  to  be,  if  not  unsafe,  at  least 
very  imprudent.  Its  stability  now  depends  entirely  upon  the  adhesion 
of  the  mortar,  for  the  embankment  is  not  water-tight,  and  the  face  of 
the  dam  is  constantly  wet  with  water  which  has  percolated  the  masonry 
for  want  of  calking  to  the  joints  on  the  upper  face. 

\  29.  The  position  of  the  line  of  resistance  in  the  dam  as  built  to 
resist  a  water-pressure,  is  shown  in  Fig.  2.  The  values  of  5.  tan.  Q  and 
TO  for  every  3  feet  in  height,  are  as  follows  : 


Q   O 
CO   <, 

a 

Distance 
of  the  cen- 
tre of  Re- 
sistance 
from  the 

outer 

Edge   of 

Base. 

m  6 

Condition 
of  frictioual 

Stability. 

tan    0  ->^ 

0.6257 

Condition 
of  Stability 
of  Position 
m  >  0.25. 

h. 

33 
36 
39 
42 
45 
48 
51 
54 
57 
60 

Distance 
of  the  cen- 
tre of  Re- 
sistance 
from  the 

outer 

Edge  of 

Base. 

m.  b. 

Condition 

offrictional 

Stability, 

tan.  1=)  <; 

0.625. 

Condition 
of   Stability 

of  Position 
m  >0.25. 

Actual  Values. 

Actual  Values. 

h. 

Tan.  ®. 

m. 

Tan.  0. 

m. 

3 
6 

9 
12 
15 
18 
21 
24 
27 
30 

2.483 
2.461 
2.442 
2.418 
2.410 
2.397 
2.384 
2.372 
2.362 
2.352 

5.12 
5.82 
6.41 
6.91 
7.33 
7.68 
7.97 
8  21 
8.40 
8.55 

0.065 
0.124 
0.177 
0.226 
0.268 
0.308 
0.344 
0.378 
0.408 
0.437 

0.523 
0.529 
0.526 
0.516 
0.503 
0.486 
0.469 
0.451 
0.433 
0.415 

2.343 
2.334 
2.328 
2.321 
2.314 
2.322 
2.328 
2  333 
2.337 
2.340 

8.66 
8.73 

8.78 
8.80 
8.80 
8.80 
8.78 
8.76 
8.72 
8.68 

0.463 
0.488 
0.511 
0.532 
0.552 
0.568 
0.583 
0.597 
0.610 
0.C22 

0.398 
0.380 
0.363 
0.347 
0.331 
0.310 
0.3U0 
0.291 
0.278 
0.266 

Pressure  per  square  inch  of  wall  on  foundation  SS.i^pounds  ;  result- 
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ant  pressure  on  foundation  45.25  i)Ounds  ;  and  pressure  of  foundation  on 
rock  ;58  pounds. 

Plans  and  Proposals  fok  Consteuction. — §  30.  The  law  with  regard 
to  work  undertaken  by  the  Croton  Aqueduct  Board  required  it  to  be  let 
at  public  comi)etition  to  the  lowest  bidder.  On  August  20,  18(36,  eight 
proposals  were  received  and  ojiened.  The  following  were  the  prices 
ofi'ered  : 


No  OF  Bid 

1 

2 

3 

4 

5 

6 

7 

8 

Class  of  Work. 

Prices 

A 

Earth  Excavation  below  stream,  per 
cubic  yard 

$1.00 

$1.00 

2.60 

$0.75 

$2.00 

$1.00 

$1.35 

$2.00 

B 

Earth  excavation  above  stream  level 
per  cubic  yard 

0.50 

0.25 

0.90 

0.45 

0.75 

0.50 

0.35 

0.50 

C 

Rock  excavation,  per  cubic  yard 

10.00 

2.00 

3.00 

0.50 

2.50 

5.00 

4.60 

5.00 

D 

Dimensions  cut  stone   masonry,  per 

30.00 
15.00 

60.00 
25.00 

78.84 
21.75 

27.00 
20.00 

40.00 
12.00 

108.00 
27.00 

00.66 
47.00 

40.00 

E 

Cut  range  masonry,  per  cubic  yard. 

22.00 

F 

Rubble  range     '• 

11.00 

14.00 

17.00 

11.93 

9.00 

10.00 

40.00 

18.00 

G 

Concrete  masonry  beloW|Stream  level, 
per  cubic  yard 

8.00 

7.50 

6.60 

9.93 

10.00 

10.00 

11.45 

17.00 

H 

Concrete  masonry  above  stream  level, 
per  cubic  vard 

6.50 

7.00 

6.10 

7.93 

8.00 

10.00 

11.45 

16.00 

I 

Flagging  for  gate-house  roof,  square 
foot 

0.20 

1.00 

0.60 

2.00 

0.30 

2.00 

2.40 

1.35 

J 

Earthen  9-drain  pipe,  linear  foot. . . . 

1.00 

2.00 

1.00 

5.00 

2.50 

2.00 

2.27 

4.00 

K 

Cutting  grooves  for  gates,  per  square 

0.30 

20.00 
10.00 

1.00 

20.00 
10.00 

1.27 

22.00 
5.00 

3.00 

20.00 
5.00 

1.50 

20.00 
8.00 

2.00 

27.00 
10.00 

3.77 

36.67 
6.37 

0.60 

L 

Brick  masonry  in  arches,  per  cubic 

28.00 

M 

3.00 

^  31.  A  comparison  of  these  bids  is  instructive,  as  showing  the  differ- 
ent manner  in  which  contractors  interpret  plain  specifications,  and  the 
variety  of  views  entertained  as  to  the  proportions  of  remunerative  and 
unremunerative  work  in  an  undertaking  of  this  size. 

^32.  "A.  For  Earth  Excavation,"  including  all  material  except 
solid  rock  which  required  blasting,  and  boulders  of  more  than  one-half 
a  cubic  yard  content,  from  the  dam  site  below  the  level  of  the  stream, 
and  including  the  cost  of  putting  the  same  in  embankment  or  spoil  bank, 
and  all  pumping  and  bailing  for  keeping  the  pit  free  from  water. 

BidNo 12345678 

Price,  per  cubic  yard $1.00  $1.00  $2.60  $0.75   $2.00   $1.00  $1.35  $2.00 
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In  these  figures  is  seen  the  effect  of  the  unknown  constant  for  pumping 
and  bailing.  The  plan  for  the  work  required  the  stream  to  be  diverted 
from  its  channel  near  the  centre  of  the  valley,  and  a  new  channel  made 
about  100  feet  to  the  northeast,  an  embankment  10  feet  above  the  ordi- 
nary stream  level  to  be  built  around  the  pit  on  the  southwest,  and  the  ex- 
cavation within  this  bank  to  be  removed  down  to  the  rock.  Slojies  of  1 
to  1  were  estimated  to  the  contractor,  all  caves  and  slides  beyond  that 
to  be  at  his  own  cost. 

The  amount  of  water  which  might  be  expected  to  percolate  the  gravel 
wa^  estimated  by  the  various  bidders  at  very  different  figures,  their  bids 
showing  that  it  was  considered  to  be  worth  from  ^0.35  to  ^1.70  per  cubic 
yard  of  earth  to  take  care  of  the  water.  The  actual  cost  of  the  removal 
of  water  from  the  pits  during  excavation  was  about  45  cents  per  cixbic 
yard  of  excavation, 

^33.  "  B.  For  Earth  Excavation  "  above  the  level  of  the  stream,  in- 
cluding everything  as  specified  under  "  A." 

No.  of  Bid 12346678 

Prices,  per  cubic  yard $0.50     $0.25     $0.90     $0.45     $0.75     $0.50     $1.35     $0.50 

Of  these  figures.  No.  2  is  unaccountable  and  displays  great  lack  of  Judg- 
ment. The  excavation  for  the  dam  proper  was  in  shallow  pits,  on  a  steep 
hill-side  and  of  very  hard  material.  It  was  known  to  be  likely  that  the 
estimated  quantity  would  be  increased  for  embankment  around  the  dam, 
the  material  for  which  would  require  to  be  selected,  and  to  be  hauled  not 
less  than  1,200  feet,  and  well  compacted  in  bank.  Instead  of  following 
the  rule,  which  almost  invariably  holds  good,  that  for  an  item  which  is 
likely  to  be  increased,  a  good  paying  price  should  be  offered,  this  bidder 
reduced  his  j)rice  on  this  item  to  less  than  cost.  No  3  exaggerated  the 
cost  of  this  work  as  he  did  of  the  pumping,  and  No.  7  evidently  did  not 
intend  to  lose  on  either  "^  "  or  "  B." 

§34.  "  C.  For  Rock  Excavation,"  requiring  blasting,  including  the 
removal  of  all  boulders  of  over  one-half  a  cubic  yard  content. 

No.  of  Bid 12345678 

Price,  per  cubic  yard $10.00     $2.00    $3.00     $0.50     $2.50     $5.00     $4.60     $5.00 

The  estimated  amount  of  rock  was  not  large,  and  No.  1  evidently  counted 
on  its  increase.  The  event  proved  him  to  be  right,  and  this  item  alone 
compensated  him  for  a  large  proportion  of  his  losses  on  other  items. 
The  excavation  contained  from  7  to  14  per  cent,  of  boulders  of  over  one- 
half  cubic  yard,  and  it  was  necessary  to  take  out  a  considerably  larger 
amount  of  rock  on  account  of  seams  and  shakes  than  the  test  pits  gave 
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reason  to  anticipate.  But  No.  4,  which  was  made  by  a  contractor  of  large 
experience,  is  unaccountable,  except  on  the  supposition  that  the  bidder 
assumed  that  all  the  rock  would  be  in  the  form  of  boulders  of  from  one- 
half  to  one  cubic  yard  content  and  easily  handled. 

§  35.  "  D.  For  Dimension  Cut  Stone  Masonry,"  every  stone  to  be  cut 
to  exact  dimensions ;  the  beds  and  joints  dressed  to  lay  i-inch  joints, 
and  the  exposed  faces  hammered  down  to  an  even  surface. 

No.  of  Bid 1  2  3  4  5  G  7  8 

Price,  per  cubic  yard $30.00     $60.00     $78.84     $27.00     $40.00     $108.00    $06. 6G     $40.00 

In  this  and  the  following  masonry  items,  the  i)rices  offered  vary  with  the 
previous  experience  of  the  contractor.  No.  1  had  never  done  similar 
work.  Nos.  4  and  5  had  uever  done  work  for  the  Croton  Board,  but 
were  accustomed  to  railroad  work.  Nos.  2  and  3  had  done  some  similar 
work  for  the  Croton  Board,  and  No.  6  had  done  a  large  amount  of  pre- 
cisely similar  work.  No.  7's  prices  were  high  throughout.  No.  8  was 
an  engineer,  who  ought  to  have  known  the  cost  of  such  work  better.  The 
estimated  quantity  was  small. 

§  36.  "  E.  For  Cut  Eange  Masonry." — Certain  portions  of  the  masonry 
around  the  gatehouse  were  specified  as  coming  under  this  head ;  the 
beds  to  be  cut  to  lay  |-inch  joints  throughout,  and  the  end  joints  for  18 
inches  from  the  face  ;  the  face  to  be  pointed  down  to  i-inch  projection, 
with  a  chisel  draft  around  the  arris. 

No.ofBid 12345  6  78 

Price,  per  cubic  yard $15.00     $25.00     $21.75     $20.00     $12.00     $27.00     $47.00     $22.00 

§  37.  "  F.  For  Bubble  Eange  Masonry.  "—The  face  walls  of  the  dam 
were  specified  as  to  be  of  this  class.  The  setting-bed  to  be  cut  to  lay 
f-inch  joint  throughout,  and  the  ends  and  top  for  12  inches  back  from 
the  face ;  the  rise  of  the  stone  to  be  not  less  than  12  inches,  and  the  beds 
from  2^  to  4  feet ;  the  face  to  be  rough,  with  line  pitched  at  the  arris. 

No.ofBid 12  34  56  78 

Price,  per  cubic  yard $11.00     $14.00     $17.00     $11.93      $9.00     $10.00     $40.00     $18.00 

One  important  reason  for  the  discrepancy  in  the  prices  on  this  item,  was 
the  title  adoj)ted  in  the  specifications.  Rubble  range  was  not  an  ordi- 
nary term  for  any  class  of  cut  stone  masonry,  and  while  the  specifications 
distinctly  described  the  work,  and  the  jDortions  of  the  dam  where  it  was 
to  be  used,  the  use  of  the  word  rubble  appears  to  have  produced  an  im- 
pression on  the  minds  of  some  of  the  bidders,  that  it  was  to  be  random 
work,  laid  up  without  regular  courses.  It  was  in  fact,  however,  laid  in 
courses,  extending  the  length  of  the  dam,  the  rises  varying  from  14  to  26 
inches,  and  averaging  21  inches. 
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It  was  afterwards  stated  by  some  of  the  bidders  that  they  had  intended 
contesting  the  classification  of  this  masonry,  and  that  they  exi3ected  to 
be  able  to  procure  its  being  rated  as  "Cut  range,"  and  therefore  had  bid  a 
low  price  for  it.  This  practice  of  gambling  on  items  is  inseparable  from 
the  method  of  letting  work  at  public  competition  to  the  lowest  bidder. 
The  only  protection  the  engineer  has,  is  to  make  the  specification  so  dis- 
tinct that  no  question  can  arise  as  to  the  classification  of  work.  In  the 
specifications  for  the  dam,  the  description  of  this  class  of  work  is  so  ex- 
plicit, that  no  claim  for  payment  for  it  under  any  other  classification,  has 
been  or  can  be  allowed. 

It  might  have  been  better  if  the  word  rubble  had  been  omitted,  as 
that  appears  to  be  the  only  basis  for  any  misunderstanding. 

g  38.  "  G.  For  Concrete  Masonry  "  laid  below  the  level  of  the  stream  ; 
stone  to  be  broken  to  not  more  than  2  inches  in  its  largest  dimension, 
nor  less  than  i  inch  in  its  smallest.  Mortar  to  be  composed  of  one  part 
of  hydraulic  cement  to  two  parts  of  sand,  by  measure  ;  the  i)roportion 
of  mortar  to  stone  to  be  such  as  to  fill  all  void  spaces,  and  be  in  excess  of. 
the  same  not  more  than  ten  per  cent.  The  concrete  to  be  laid  in  courses 
of  6  inches,  and  well  rammed.  In  the  concrete,  and  to  be  measured  as 
part  of  the  same,  it  was  jjermitted  to  lay  large  unwrought  stones.  These 
stones  to  be  laid  in  full  beds  of  mortar,  and  the  surface  covered  with 
motar  J-inch  thick  immediately  before  laying  concrete  around  them. 
The  i^rice  for  concrete  to  cover  all  expenses  of  bailing  and  draining  : 

No.  of  bid 12345  6  78 

Price,  per  cubic  yard $8.00     $7.50     $6.60     $9.93     $10.00     $10.00     $11.45    |17.00 

§39.  '*  H.  For  Concrete  Masonry"  laid  above  the  stream  level. 
The  specifications  the  same  as  for  "  G."  This  concrete  to  be  inclosed 
between  the  rubble  range  walls.  The  large  stones  inserted,  to  average 
5  feet  in  length  and  2  square  feet  in  cross  section,  and  to  be  laid  in  layers 
alternately  parallel  and  at  right  angles  to  the  walls  of  the  dam. 

No.  of  bid 1234567  8 

Price,  per  cubic  yard $6.50     $7.00      $6.10     $7.93     $8.00     $10.00    $11.45     $16.00 

The  difference  between  the  i^rices  for  "  (?  "  and  for  "  H"  is  due  to  two 
causes.  In  laying  "  (?,"  pumping  and  bailing  would  probably  be  needed. 
This  would  increase  its  cost.  On  the  other  hand,  the  larger  area  to  be 
covered,  and  the  freedom  from  the  obstruction  and  interference  caused 
^y  the  laying  of  the  cut  stone  facings  ought  to  reduce  the  cost  of  laying 
the  lower  concrete,  and  the  additional  hoist,  as  the  masonry  rose  above 
the  surface  of   the  ground,  ought  to  increase  the  cost  of  the  concrete 
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above  stream  level.  Two  of  the  bidders  estimated  that  these  variations 
"would  counterbalance  each  other.  The  others  considered  that  the  con- 
crete below  stream  level  was  worth  from  $0.50  to  .^2.00  per  cubic  yard 
more  than  that  above.  Actually  the  cost  of  pumping  chargeable  to  con- 
crete was  equivalent  to  about  18  cents  per  cubic  yard  of  that  below — and 
the  hoisting  to  about  8  cents  i^er  cubic  yard  above — the  stream  level. 

^  40.  The  provision  i^ermitting  the  insertion  of  large  unwrought 
stone  caused  variations  in  the  estimates.  In  the  absence  of  data  as  to 
the  proportion  which  the  stone  could  bear  to  the  mass,  some  of  the 
bidders  assumed  that  from  two-thirds  to  three-fourths  of  the  mass  would 
be  of  stone,  which  only  required  to  be  quarried,  and  could  be  set  very 
quickly.  In  practice  it  was  found,  however,  that  not  more  than  one- 
third  of  the  mass  could  be  made  of  the  large  stone.  It  was  necessary 
that  the  stones  should  be  far  enough  ajjart  to  allow  the  concrete  to  be 
thoroughly  spread  and  rammed  between  them.  This  requires  a  space  of 
not  less  than  12  inches  between  the  nearest  points,  and  with  irregular 
stones  the  average  distance  is  greater  than  this.  When  stones  of  irregular 
heights  were  laid,  the  leveling  up  necessary  to  j^repare  for  a  fresh  layer 
of  stone  made  the  mean  dej^th  of  concrete  between  the  layers  probably 
nearly  12  inches. 

^41.  The  next  three  items,  "I,"  "J"  and  "K,"  are  for  small 
quantities  of  special  work,  and  the  bids  are  not  worthy  of  jDarticular 
consideration,  most  of  them  having  been  made  apparently  at  random, 
without  regard  to  the  cost  of  the  work . 

^42.  "i.  For  Brick  Masonry  in  Arches"  of  water-ways  and  gate- 
house. This  item,  of  some  20  cubic  yards,  was  the  only  one  on  which 
the  bids  varied  less  than  200  i^er  cent. 

I  43.  The  contract,  as  awarded  at  this  time,  was  for  the  construction 
of  the  dam  to  within  30  feet  of  the  top.  The  ajipropriation  authorized 
was  not  sufficient  for  the  completion  of  the  whole  dam,  and  the  law 
forbade  any  contract  to  be  made  in  excess  of  the  appropriation.  Further 
expenditure  was  authoiized  subsequently,  and  the  upjjer  30  feet  of  the 
dam  was  built  under  a  new  contract,  made  with  the  same  parties  that 
built  the  lower  portion. 

Pkogkess  of  Construction. — |  44.  Work  was  begun  in  September, 
1866.  A  new  channel  was  made  for  the  stream  near  the  base  of  the 
North-east  Hill,  an  embankment  built  around  the  remainder  of  the  dam 
site,  on  the  flat  ground,  and  carried  up  10  feet  above  the  stream  level. 
The  pit  within  this  embankment  was  partially  excavated,  the  material 
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being  deposited  below  the  dam.  The  quarrying  and  cutting  of  stone 
was  begun,  and  a  Blake's  stone-breaker  put  in  operation.  On  October 
29th-30th,  3.91  inches  of  rain  fell  in  10  hours,  causing  a  heavy  freshet 
which  washed  away  the  contractor's  bridges,  filled  the  pits  with  water, 
and  cut  embankments  badly.  After  pumping  out  the  pit,  the  excavation 
was  continued  until  December  21st,  when  the  pit  was  allowed  to  fill. 

^  45.  Some  observations  of  work  done  in  bailing  from  a  pool  into  a 
trough  4  feet  above  the  water,  showed  that  the  average  work  per  minute, 
of  a  man,  was  12  bucketsful,  equivalent  to  about  1  200  pounds  of  water 
1  foot  high. 

§  46.  The  winter  was  devoted  to  quarrying  and  breaking  stone.  Some 
cement  was  delivered,  but  was  found  not  to  be  equal  to  the  requirements 
of  the  specifications .  A  cargo  of  900  barrels  was  rejected,  and  the  delays 
and  disciissions  consequent  upon  this  prevented  the  receipt  of  any  more 
cement  until  sjaring. 

§  47.  The  great  distance  of  the  work  from  any  rail  or  water  trans- 
portation was  a  serious  drawback.  The  nearest  point  to  which  supplies 
could  be  brought  by  water  was  16  miles  distant,  and  over  a  very  bad  road. 
The  nearest  foundry  and  machine  shop  was  at  the  same  distance.  The 
nearest  railroad  station  was  8  J  miles  distant,  on  the  Harlem  Railroad. 

I  48.  Sand,  of  proper  quality,  was  diflficult  to  get.  All  the  bank 
sand  within  many  miles  was  tested  and  rejected  as  containing  too  much 
dust  and  loam.  The  only  sand  found  at  all  admissible  was  procured  from 
the  bed  of  the  stream,  in  pools  were  the  flow  was  sluggish  and  the  sand 
had  settled.  Most  of  this  was  of  good  quality,  but  some  was  very  dirty 
and  had  to  be  washed,  and  all  of  it  had  to  be  screened  to  remove  chips 
and  coarse  materials.  From  beginning  to  end  of  the  construction  of  the 
dam  there  was  a  continuous  struggle  on  the  part  of  the  engineer  to  have 
the  sand  for  mortar  properly  cleaned  and  screened,  and  of  the  con- 
tractor to  avoid  it.  That  sand  should  be  sharp,  clean,  and  screened 
to  proper  size,  is  absolutely  essential  to  good  mortar,  and  there  is  no 
point  on  which,  as  a  general  thing,  contractors  and  builders  are  so  lax. 
Several  methods  of  washing  were  tried,  of  which  the  most  successful 
consisted  in  spreading  the  sand  in  a  layer  of  about  3  inches  in  depth  on 
the  bottom  of  a  shallow  box,  6  feet  by  12  feet,  slightly  inclined,  and 
playing  upon  it  with  a  hose  from  a  force-pump.  With  jiroper  manipula- 
tion the  sand  was  pretty  thoroughly  cleaned.  The  process  was  expensive, 
however,  and  after  one  or  two  loads  were  oiDerated  on  in  this  way,  the 
sand  would  come  to  the  work  much  cleaner. 
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1 49.  In  tlie  spring  of  18G7  tlio  main  pit  was  pumiied  out,  and  exca- 
vation continued.  The  engine  and  boiler  of  15  horse-power  used  for 
running  the  stone-breaker,  were  placed  on  the  embankment  above  the 
pit,  so  as  to  operate  a  hoisting  drum  and  an  Andrew's  pump  throwing 
an  8-inch  stream.  After  the  pit  had  been  once  emptied,  the  pumping  did 
not  need  to  be  continuous.  The  engine  was  able  to  hoist  material  from 
the  pit,  and  at  the  same  time  either  pump  or  break  stone,  but  not 
together. 

^  50.  North  of  the  stream  the  foundation  for  the  gate-house  was  pre- 
pared. On  the  side  towards  the  stream,  a  trench  3  feet  wide  and  4  feet 
deep,  was  dug  to  the  rock  and  filled  with  concrete,  as  a  temporary  dam 
to  keep  water  from  the  gate-house  pit.  This  concrete  was  made  with  24 
feet  of  broken  stone  to  1  barrel  of  cement  and  2  of  sand,  and  was  depos- 
ited gently  in  the  still  water  which  filled  the  trench.  It  was  not  ram- 
med, but  the  wet  mass  was  worked  down  with  shovels.  One  year  after- 
wards, when  this  concrete  was  removed  to  make  the  connection  with 
the  gate-house,  it  was  found  necessary  to  drill  and  blast  it.  It  had 
formed  a  good  bond  with  the  rock,  and  apparently  no  water  had  passed 
under  it. 

§  51.  The  first  stone  of  the  dam  was  laid  July  9th,  1867,  in  the  gate- 
house foundation,  and  concreting  was  begun  in  the  main  pit,  July  11th. 
During  the  rest  of  the  season  the  foundation  in  the  main  pit  was  raised 
to  the  stream  level,  and  the  masonry  of  the  gate-house  and  waterways 
was  carried  up  8  feet.  The  side  of  this,  towards  the  stream,  Avas  built 
vertically,  the  concrete  being  put  in  against  plank  forms.  On  the  re- 
moval of  this  during  the  following  year,  the  face  of  the  concrete  was 
found  good.  To  connect  the  new  work  with  it,  and  avoid  a  straight  joint 
through  the  dam,  two  vertical  channels  were  cut  in  the  concrete,  3  feet 
wide  and  a  foot  deep.  These  were  cut  by  a  stone-cutter,  with  a  point. 
A  pick  made  no  impression  on  the  concrete. 

1 52.  Masonry  was  suspended  November  5th,  and  the  concrete  already 
laid,  covered  with  2  feet  of  earth  to  protect  it  from  frost.  Some  rubble 
masonry  was  laid  after  that  date  in  wing  walls  adjoining  the  waterways 
above  and  below  the  dam.  In  freezing  weather  the  mortar  was  mixed 
with  salt-water.  The  rule  for  projiortion  of  salt  was  one  said  to  have 
been  used  in  the  works  at  Woolwich  Arsenal  some  years  ago,  viz. :  dis- 
solve 1  pound  of  rock-salt  in  18  gallons  of  water  when  the  tempera- 
ture is  at  32^  Fahr. ,  and  add  3  ounces  of  salt  for  every  3°  lower  tempera- 
ture.    The  masonry  laid   with  mortar   thus  prepared  stood  well,  and 
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sliowecl  no  signs  of  having  been  affected  by  the  frost.     No  masonry  in 
the  dam  was  laid  in  freezing  weather. 

^  53.  The  ensuing  winter  was  very  cold  and  stormy.  Quarrying,  cut- 
ting and  breaking  stone  were  carried  forward,  and  sand  and  cement 
hauled.     The  water  of  the  stream  was  carried  through  the  gate-house. 

^  54,  Work  on  masonry  was  resumed  March  30th,  1868.  The  first 
part  of  the  season  was  wet.  A  very  heavy  freshet  occurred  May  14th. 
The  water  rose  3  feet  on  the  masonry  laid  in  gate-house,  and  filled  the 
pits.  The  latter  part  of  the  season  was  very  dry,  however,  and  the 
whole  dam  was  raised  16  feet  above  the  stream.  Work  was  closed  No- 
vember 17th,  and  the  masonry  covered  as  before  with  2  feet  of  earth. 

^  55.  During  the  latter  part  of  this  year's  work  it  had  become  evident 
that  the  insertion  of  large  stone  in  the  concrete  was  not  beneficial.  The 
space  between  the  side  walls  was  becoming  narrow;  at  the  close  of  work 
it  was  21  feet.  The  dam  was  400  feet  long  and  6  feet  above  the  earth 
filling.  It  was  no  longer  practicable  to  wheel  the  concrete  from  the 
mixing  boards  in  barrows,  but  it  had  to  be  hoisted  by  derricks  and 
transported  by  cars.  When  a  course  of  facing-stone  had  been  laid,  and 
the  space  between  them  was  to  be  filled  with  concrete,  and  that  was  filled 
with  irregular  shaped  stones  ll  or  2  feet  apart,  it  was  difiiciilt  to  get  an 
even  bearing  for  run  plank  and  almost  impracticable  for  a  tram- way.  The 
odds  were  greatly  against  the  concrete  around  these  stones  being  prop- 
erly distributed  and  rammed,  if  it  was  dumjDed  from  a  car.  Even  when 
distributed  by  the  barrow-full  (2  cubic  feet),  it  required  constant  atten- 
tion and  no  small  amount  of  persistence  to  secure  its  being  sj)read  in  the 
narrow  spaces.  The  stone  in  the  vicinity  of  the  dam  which  was  fit  for 
cutting  had  l)een  pretty  thoroughly  used  up,  aad  it  was  qiiestionable 
whether  a  sufficient  quantity  to  finish  the  dam  could  be  procured  at  all, 
if  3,000  additional  cubic  yards  were  put  in  the  hearting.  The  scarcity 
of  good  stone  caused  a  constantly  increasing  tendency  on  the  part  of  the 
contractor  to  run  in  and  cover  nj)  weather-beaten  stones  which  were  unfit 
for  the  work,  on  account  of  the  impossibility  of  the  mortar  adhering 
properly  to  the  weather  face.  It  had  several  times  occurred  that  such 
stones  were  brought  in,  and  a  little  grout  poured  over  them  to  hide  the 
deficiencies,  and  very  probably  more  of  the  same  kind  were  never 
discovered.  It  was  questionable,  moreover,  whether  so  great  solidity 
and  tightness  could  be  obtained  by  a  wall  of  large  stones,  surrounded  by 
thin  masses  of  concrete,  as  by  a  thick  mass  of  concrete  alone.  After 
full  discussion  of  the  subject,  it  was  determined  to  abandon  for  the  rest 
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of  tlie  dam  the  use  of  tlie  large  stone,  and  use  only  concrete  for  the 
hearting.  These  objections  to  a  wall  of  concrete  and  largo  ro^^gh  stones 
apply  mainly  to  thin  walls,  say  of  less  than  10  feet  in  thickness,  intended 
to  resist  water,  A  wall  of  this  class  may  be  laid  to  advantage  when  over 
10  feet  thick,  but  the  stone  should  be  required  to  be  regular  in  shape,  of 
not  more  than  18  inches  height,  and  no  stones  should  be  allowed  to  be 
less  than  2  feet  apart .  By  their  use  under  these  restrictions,  the  specific 
gravity  of  the  wall  may  be  increased  and  its  cost  diminished,  and  with 
a  much  greater  certainty  of  getting  good  work  and  tight,  than  if  the  wall 
is  laid  up  with  rubble  masonry. 

^  56.  The  laying  of  masonry  was  resumed  June  23d,  1869,  and  con- 
tiniied  until  November  1st,  when  the  wall  had  reached  an  elevation  of  38 
feet  above  the  stream.  The  masonry  was  again  covered  with  earth  2  feet 
thick,  which  was  found  to  protect  the  concrete  from  frost  {|uite  well.  In 
some  places  it  was  necessary  to  remove  from  2  to  3  inches  of  the  old 
work  in  the  spring.  The  winter  was  devoted  as  usual  to  quarrying,  cut- 
ting and  breaking  stone.  Enough  broken  stone  was  prepared  to  finish 
the  dam. 

?  57.  Work  on  masoni-y  was  resumed  April  13th,  1870,  and  the  dam, 
as  originally  designed,  was  completed  by  November  1st,  1870.  Owing  to 
the  changes  of  plan  mentioned  above,  the  reservoir  was  not  ready  for 
use  until  the  fall  of  1872.  The  dam  contains,  approximately,  21,000 
cubic  yards  of  concrete,  and  6,000  cubic  yards  of  cut  stone  masonry. 

GENEKAii  Methods  of  Handling  Materials. — |  58.  No  expensive 
plant  or  machinery  was  used.  The  buildings  were  a  contractor's  office 
and  cement  house  on  the  flat  below  the  dam,  stables  and  blacksmith 
shop  near  by,  and  a  shed  for  stone-cutters  on  the  flat  al)ove  the  dam. 
The  stone  yard  was  just  above  the  dam  on  the  north-east  side  of  the 
stream.  The  stone  for  cutting  and  breaking  for  the  first  two  years  was 
procured  from  the  hill-side,  within  1,000  feet  of  the  yard,  and  from  50  to 
300  feet  above  it.  The  third  year  the  haul  was  about  2,000  feet,  and  the 
last  year  most  of  the  stone  for  cutting  was  hauled  2  miles.  From  the 
neighl)oring  hills  the  stones  were  transported  on  stone  boats,  with  oxen. 
For  long  hauls  low  trucks  were  used,  the  stone  being  first  brought  to 
the  road  on  stone  boats.  When  the  hill-sides  were  dry  and  rocky,  the 
wear  of  stone  boats  was  enormous.  For  transijorting  the  cut  stone 
from  the  yard  to  the  work,  trucks  drav/n  by  horses  were  generally 
used,  depositing  the  stone  within  reach  of  a  derrick  on  the  work.  In 
the  main  pit  a  double-geared  derrick,  with  50  feet  boom,  was  at  first  used 
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for  setting  stone.  Its  great  weight  made  it  unwieldy,  and  for  the  last 
two  seasons  derricks  of  30  feet  mast  and  25  feet  boom  were  used.  These 
could  readily  be  shifted  and  raised.  A  heavy  block,  with  a  socket  for 
the  pin  at  the  foot  of  the  derrick,  was  laid  on  the  concrete,  and  boards 
around  it  for  the  bolsters  to  stand  upon.  The  derricks  were  worked  by 
hand  until  the  masonry  was  10  feet  above  the  bank.  After  that  2  steam 
hoists  were  used,  a  vertical  8  H.  P.  engine,  with  drum,  being  placed  on 
the  lower  side  of  the  dam,  and  the  fall  brought  to  it  over  the  edge  of  the 
masonry.  All  the  material  to  be  hoisted  was  delivered  under  the  boom 
on  the  vertical  side  of  the  dam. 

^  59.  Below  the  embankment  level,  the  sand  and  cement  for  mortar 
were  mixed  dry  on  the  bank,  and  sent  into  the  pit  by  a  chute,  to  the 
mixing  board.  The  broken  stone  was  sent  down  another  chute  and 
measured  below.  From  the  mixing  board  it  was  transported  to  place 
in  barrows.  "When  the  masonry  had  reached  a  height  of  6  feet  above  the 
bank,  the  mixing  platforms  were  placed  on  the  bank  close  to  the  vertical 
wall,  the  concrete  shoveled  from  the  board  into  boxes,  which  were 
hoisted,  placed  on  a  dumping  car,  running  on  a  track  of  scantling  rest- 
ing on  notched  ties  laid  on  the  concrete,  and  wheeled  to  place  and 
dumped.  The  track  was  carried  along  on  top  of  the  new  work.  As  the 
concrete  was  duiiiped  from  the  car,  it  was  leveled  oflf  to  about  8  inches 
thick  and  rammed.  From  two  to  three  layers,  according  to  the  thickness 
of  the  course  of  the  face  walls,  were  put  one  over  the  other.  With  the 
track  in  the  centre  of  the  wall,  a  width  of  20  feet  could  easily  be  carried 
forward,  the  car  being  arranged  to  dump  in  any  direction.  The  plan 
worked  pretty  well,  but  was  a  little  expensive  for  the  contractor,  as  the 
ties  became  more  or  less  imbedded  in  the  soft  concrete,  and  consequently 
there  was  more  loose  stufi'  to  be  removed  in  preparing  for  another 
course  than  if  no  traveling  over  the  fresh  work  had  occurred.  Boards 
laid  along  the  track,  for  the  car-tenders  to  walk  upon,  protected  the 
green  concrete. 

Stone  for  masonry  was  hoisted  in  the  same  way,  and  carried  to  the 
setting  derricks,  which  were  worked  by  hand,  the  reach  of  the  boom 
being  regulated  by  the  topping  lift,  and,  of  course,  being  altered  for 
every  stone  that  was  set.  The  courses  were  laid  from  one  end  of  the 
dam  to  the  other,  so  that,  while  one  hoister  was  raising  stone,  the  other 
was  raising  concrete  for  filling  the  space  between  the  stones  already  laid 
at  the  other  end  of  the  dam. 

'i  60.  The  stone  breaker  was  at  first  placed  on  the  bank  above  the 
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dam,  and  the  broken  stone  passed  from  it  to  the  meadow  at  the  stream 
level.  This  arrangement  was  necessary  so  as  to  utilize  the  engine  for 
pumping,  but  had  the  disadvantage  of  causing  the  stone  to  be  hauled  up 
again  from  the  meadow.  After  pumping  was  no  longer  necessary,  the 
breaker  was  placed  on  the  hillside  in  such  a  position  that  it  was  fed  from 
the  quarry  direct,  and  delivered  stone  a  little  above  the  level  where  it 
was  needed,  making  all  the  haul  descending. 

I  61.  Wire  guys  were  used  on  the  derricks,  and  for  a  part  of  the  time, 
when  the  steam  hoist  was  used,  the  falls  were  of  annealed  wire  rope.  This 
generally  worked  well,  but  had  one  disadvantage  ;  it  would  sometimes 
break  suddenly,  without  warning,  and  it  took  longer  to  repair  than  rope. 

g  62.  All  arrangements  for  transportation  and  hoisting  were  under 
the  contractor's  direction,  the  engineer  only  seeing  that  nothing  should 
be  done  in  a  manner  detrimental  to  the  work. 

Character  and  Cost  of  Materials. — I.  Cement. — g  63.  The  specifi- 
cations required  that  all  cement  should  be  of  the  best  quality  of  American 
hydraulic,  and  subject  to  such  tests  as  the  engineer  might  direct. 
For  this  work  it  was  not  so  essential  that  the  cement  should  be  quick 
setting  as  that  it  should  be  strong.  For  concrete,  a  quick  setting  cement 
is  not  to  be  preferred. 

The  first  cement,  deHvered  in  October,  1866,  contained  a  considerable 
amount  of  coal  dust,  was  ajaparently  not  thoroughly  calcined,  and,  when 
sifted,  22  J  per  cent,  by  weight  would  not  ijass  through  a  sieve  with 
opening  of  4\,th  inch.  The  cargo  was  rejected.  The  contractors 
claimed  that  they  could  not  procure  any  better  cement.  All  of  the 
Rosendale  works  were  visited,  and  only  one  company  would  agree  to  fur- 
nish a  cement  which  should  contain  less  than  15  per  cent,  of  matter 
coarser  than  Totli  inch.  The  other  companies  said  they  had  a  ready 
sale  for  any  cement  they  offered,  and  would  not  go  to  additional 
expense  and  trouble  to  grind  the  cement  finer.  The  company  which 
consented  to  make  an  effort  to  improve  their  cement  furnished  nearly  all 
that  was  used  on  the  dam,  and  out  of  a  great  many  samples  tested  for 
fineness,  only  three  were  found  to  equal  the  limit  assigned.  In  1869-70, 
samples  of  several  different  cements  for  sale  in  the  New  York  market 
were  tested  with  the  results  shown  in  the  following  table.  Different 
brands  are  designated  by  diflerent  letters.  "  B  "  was  the  cement  used  on 
the  dam. 

g  64.  Tests  of  the  tensile  strength  were  made.  The  blocks  had  a  sec- 
tional area  ef  2^  square  inches,  with  shoulders  for  clamps.     They  were 
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mixed  in  moulds,  immersed  in  water  for  twenty-four  hours,  and  broken 
after  having  stood  for  from  seven  days  to  a  year  and  a  half.  No  practi- 
cal use  was  made  of  these  tests  at  the  time.  The  results  of  a  large  num- 
ber are  given  in  the  table  : — 


Fineness. 

Teksile  Strength. 

Percentage  by  Weight. 

Lbs.  pr.  sq.  inch. 

Brand. 

Over  40. 

40  to  80. 

Brand. 

Over  40. 

40  to  80. 

Brand. 

7  days. 

21  days. 

3  mo. 

A.... 

A.... 

^  (B.... 

2     /    T1 

22.5 
16 
15 
14 

7.4 
10 
12.5 

6.6 

4 
20 

6.6 

9.4 
16 
10 

8 

6.2 

8.1 

7.5 
11 
11 
11 

11.1 
13.7 
13.7 

8.4 

6 

5.0 

4.1 

6.9 
5.3 
4.7 
4.7 
5.6 

C... 

C... 

D... 

E.... 

F 

19.4 
26.3 
15.9 
15.4 

11.2 

11.1 

10.9 

A 

32 

49 
61 
61 
58 
56 
50 
37 
48 
59 
55 
66 
28 
26 
54 
35 
26 

94 
111 

84 
101 
63 
66 
66 
82 
62 
62 
94 
65 
59 
80 
69 
74 

Ill 

B 

B 

135 

B 

100 

fB.... 
B.... 
B.... 

lB.... 

B.... 
B.... 
B.... 
B..,. 
,  B.... 
B.... 
B.... 
B.... 
B  ... 

B 

G.... 
H 

22.8 

B 

00 

B 

I.... 

J.... 
K.... 
L.... 

28.8 
7.5 
20 
18.8 

C 

75 

D 

82 

E 

73 

CD 

F 

G 

99 



H 

95 

I 

72 

J 

87 

CO 

K 

77 

L 

84 

§  65.  An  analysis  of  the  whole  series  of  experiments  appeared  to 
establish  these  facts  : — 

(a  )  The  average  tensile  strength  per  square  inch  at  the  end  of  seven 
days,  of  cements,  of  which  less  than  10  per  cent,  by  weight  was  over 
xg-th  inch  diameter  was  54^  pounds,  while  that  of  those  of  which  more 
than  15  per  cent,  was  over  4i)-th  inch  diameter,  was  39  pounds. 

(b.)  When  cements  containing  from  10  to  23  per  cent,  of  particles 
over  xo til  iiich  diameter  were  sifted  through  a  "40"  sieve,  the  tensile 
strength  of  the  fine  portion  was  20  per  cent,  greater  than  that  of  the 
cement  before  sifting;  but  in  cements  containing  from  23  to  30  per  cent, 
of  the  coarser  particles,  the  removal  of  those  particles  reduced  the  ten- 
sile strength  of  the  cement  about  25  per  cent. 
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(c.)  The  tensile  strength  of  the  cements  increased  continuously  for  9 
months.  Reliable  observations  for  longer  periods  were  not  obtained. 
The  maximum  results  were  : — 

Time 7  flays.        1-t  days.        21  days.        3  mo.        C  mo.        9  mo. 

Pounds  per  square  inch 8(5. 5  .S9  111  155  222  250 

(d.)  The  cements  which  gave  the  best  results  at  seven  days  generally 
maintained  their  superiority  throughout. 

I  66.  Some  of  the  cements  used  which  set  quite  slowly  at  first,  made 
exceedingly  hard  concrete.  The  most  compact  concrete  which  was  cut 
into  at  any  time  Avas  made  with  a  lot  of  cement  which  barely  escaped 
condemnation  on  account  of  its  setting  so  slowly.  No  samples  of  the 
brand  used  refused  to  set  under  water. 

^  67.  A  systematic  testing  of  all  the  cement  used  on  a  work  situated 
as  this  was,  is  very  difficult.  From  2,000  to  3,000  barrels  were  used  in  a 
month,  and  it  sometimes  happened  that,  owing  to  delays  in  transporta- 
tion, all  the  cement  used  for  several  days  in  succession  was  delivered 
directly  at  the  concrete  boards  by  the  teams  which  hauled  it  from  the 
railroad.  It  is  due  to  the  cement  company  which  furnished  the  cement 
to  say  that  it  was  generally  very  satisfactory.  The  difficulty  with  most  of 
the  cement  companies  now  is,  that  during  the  summer  their  works  are 
taxed  to  their  utmost  capacity  to  supply  the  market,  and,  in  ordinary 
building,  almost  anything  which  bears  the  Rosendale  brand  is  accepted 
without  question,  so  that  there  is  no  inducement  for  them  to  take  any 
pains  to  improve  the  quality  of  their  cement.  The  exj^erience  of  Mr. 
Shedd  on  the  Providence  (R.  I.)  sewers  shows,  however,  that  it  is  not 
only  practicable  to  make  tests  of  all  cement  used  on  a  large  work,  but  to 
raise  the  standard  of  that  which  is  furnished. 

The  average  weight  of  a  barrel  of  cement  used  on  the  dam  was  284 
pounds  net. 

n.  Broken  Stone  FOR  Concrete. — 168.  Stone  for  concrete  was  broken 
to  be  not  more  than  2  inches  in  its  largest  dimension.  A  Blake's  stone- 
breaker  of  15-inch  jaw  was  used,  driven  by  a  15  horse-jjower  engine. 
The  stone  which  was  obtained  from  the  surface  and  from  old  fence  walls 
in  the  vicinity  of  the  work  was  tough  and  used  up  the  jaws  very  fast.  A 
moveable  jaw  ordinarily  lasted  20  days.  On  one  occasion,  a  jaw  costing 
^70,  and  which  had  been  hauled  16  miles  over-night  and  put  in  the 
machine  in  the  morning,  was  so  worn  by  night  as  to  be  useless.  With 
chilled  jaws  and  careful  handling,  and  using  quarried  stone  instead  of 
stone  from  the  surface,  a  pair  of  jaws  lasted  much  longer  on  the  latter 
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part  of  the  work.     The  last  pair  used  broke  about  3,000  cubic  yards  of 
stone. 

As  the  stone  passed  from  the  breaker  it  traversed  an  inclined  screen, 
made  of  ^-incli  iron  rods,  placed  parallel,  about  i-inch  apart,  on  a  slope 
of  1  to  1.  The  dust  and  screenings  were  carted  away,  and  the  stone 
wheeled  into  a  pile.  One  and  sometimes  two  men  were  necessary  on  the 
dump  to  break  the  larger  stone  as  they  were  deposited.  With  a  fresh 
set  of  jaws  no  additional  breaking  was  needed;  but  as  they  became 
worn  stone  in  excess  of  the  proper  size  would  sometimes  pass.  The 
stone  was  delivered  to  the  breaker  by  carts,  having  been  first  sledged  to 
the  proper  size,  about  12  inches  square  by  6  inches  thick.  The  machine, 
when  running  at  full  speed,  with  one  man  feeding,  two  men  supplying 
him  with  stone,  one  keeping  the  screen  clear  and  helping  to  fill  barrows, 
two  wheeling  away  the  stone  and  one  on  the  dump,  could  break  144 
cubic  feet  in  an  hour,  or  at  the  rate  of  54.4  cubic  yards  per  day  of  10 
hoiirs.  This  excessive  speed  was  kept  up,  however,  only  as  long  as  it 
was  known  that  an  inspector  was  timing  it.  The  average  rate  of  break- 
ing for  the  last  year  was  3.8  cubic  yards  per  hour,  which  may  be  assumed 
as  the  economical  rate  for  the  15-inch  machine. 

The  largest  sized  machine  (20  inches)  will  break  8  cubic  yards  per 
hoiir,  if  fed  to  that  capacity;  but  6  cubic  yards  per  hour  is  more 
economical. 

g  69.  The  cost  in  time  of  breaking  stone  was  as  follows: 


Total  cubic  yards  broken 

Number  of  days 

Average  cubic  yards  per  day 


Laborers  sledging 

"        loading  carts. 
Carts  hauling 


Engine  and  machine 

Labor  tending  machine. 


1867. 


2  410 
109 
22.1 


0.2G9 


0.045 
0.360 


1868. 


4  170 
152.5 
27.3 


0.322 
0.051 
0.092 


0.037 
0.238 


1869. 


5  720 
155.5 
36.8 


0.224 
0.042 
0.066 


0.027 
0.158 


1870. 


3  650 
96 
38 


0.410 
0.087 
0.118 


0.026 
0.174 


The  difference  in  sledging  is  accounted  for  thus : 
1867,     Many  fence  wall  and  cobble  stones  were  used,  which  needed  no 
sledging,  but  were  hard  to  break. 
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1868.     Kefuse  from  quarry  almost  altogether  used,  which  had  to  be 

sledged. 
18G9.     Stone  yard  and  quarry  spauls  used  iip. 

1870.  Stone-cutting  and  quarrying  for  same  done  at  a  distance,  and 
stone  quarried  near  by  for  breaker;  consequently  nearly  all  stone  used 
was  sledged. 

The  carting  varied  in  the  same  way  for  the  same  reasons. 
The  tending  was  greater  in  1870  than  in  1869  because  in  the  earlier 
year  the  breaking  covered  the  working  season,  during  a  large  part  of 
which  the  carts  hauling  stone  to  the  concrete  boards  took  their  loads 
direct  from  the  breaker,  while  in  the  winter  of  1869-70  all  stone  broken 
was  wheeled  into  the  pile,  the  wheelers  being  reckoned  among  the 
tenders.  The  item  for  engine  and  machine  includes  cost  of  engine  driver 
and  helpers,  fuel  and  repairs  of  engine.  In  estimating  cost  of  breaking, 
the  repairs  and  maintenance  of  stone-breaker  must  be  added.  This  is 
worth  about  0.05  day  laborer  per  cubic  yard. 

The  stone,  when  broken,  weighed  90.3  pounds  j^er  cubic  foot,  and 
the  void  spaces  averaged  47.55  per  cent,  of  the  bulk. 

III.  MoKTAB  AND  CoNCEETE. — §  70.  The  mortar  made  of  one  barrel  of 
cement  to  two  of  sand  measured  9.70  cubic  feet  per  batch.  This  was 
the  average  of  a  large  number  of  measurements,  the  extremes  varying  7 
per  cent,  each  way.  While  the  void  spaces  of  the  stone  averaged  47  i 
per  cent. ,  there  would  sometimes  be  a  coarse  run  of  stone  which  had  53 
per  cent,  of  void  spaces.  To  cover  such  cases  the  mortar  had  to  be  54 
per  cent,  of  the  bulk  of  the  stone.  This  makes  the  charge  of  stone  to  a 
batch  of  mortar  18  cubic  feet.  The  stone  was  measured  in  barrels,  and 
at  first  4^  barrels,  holding  18  cubic  feet,  was  the  charge  of  stone.  As  it 
was  found  after  some  use  of  the  barrels  that  they  became  coated  with 
dust  and  screenings  to  such  an  extent  as  to  considerably  diminish  their 
capacity,  5  barrels  of  stone  (which  held  the  proper  quantity)  was  the 
charge  for  a  batch  of  concrete. 

I  71.  For  mixing  concrete,  i^latforms  12  by  15  feet  of  li-inch  plank 
■were  used,  the  plank  laid  lengthwise  in  the  direction  the  mixers  used 
the  shovel.  Planed  and  matched  plank  are  best,  as  causing  less  resist- 
ance to  the  shovel,  and  less  loss  of  water  and  cement. 

1 12.  The  sand  was  wheeled  or  carted  from  the  piles  and  deposited 
at  one  corner  of  the  board,  and  4  or  5  barrels  of  cement  brought  at  a 
time  and  placed  there  also,  the  cart  on  its  return  trip  taking  away  the 
empty  barrels. 
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The  sand  and  cement  mixer,  standing  a  barrel  witli  botli  heads  out 
on  the  corner  of  the  platform,  filled  it  with  sand,  which,  with  a  twist  of 
the  barrel  he  spread,  then  opened  and  emjitied  a  barrel  of  cement  on  it, 
and  standing  the  sand  barrel  on  the  pile,  filled  it  again.  He  then  turned 
the  mass  over  and  heaped  it  in  a  conical  pile. 

^  73.  The  broken  stone  was  deposited  near  the  platform  and  washed 
in  the  pile  by  a  hose.  The  stone-man  shoveled  it  into  5  barrels  with 
handles  and  with  holes  bored  in  the  bottom,  which  stood  in  a  row  at 
the  edge  of  the  platform,  and  then  poured  over  each  from  one  to  two 
buckets  of  water,  which  drained  out  through  the  holes  in  the  bottom. 

§  74.  Four  "  mixers "  cast  the  sand  and  cement  from  the  prepared 
pile  on  the  platform  so  as  to  form  a  basin  into  which  from  7  to  10 
bucketsful  of  water  were  poured  from  a  tub  standing  at  one  end  of  the 
platform  which  was  kept  constantly  filled.  As  the  water  was  i)ut  in, 
the  mixers  with  the  backs  of  their  shovels  spread  the  dry  stuff  over  it, 
taking  care  not  to  let  the  water  break  through  the  ring,  and  mixed  the 
mass  by  running  their  shovels  through  and  turning  them,  thus  making 
a  bed  of  mortar  about  8  by  5  feet  and  3  inches  thick.  On  this  they 
emptied  the  barrels  of  stone,  by  upsetting  them  over  the  handles,  and 
then  scrajied  up  the  loose  mortar  around  the  edges,  throwing  it  on 
top. 

g  75.  Then  standing  in  pairs  opposite  to  each  other  at  the  ends  of  the 
pile,  they  turned  the  mass  outward  by  running  the  shovel  under  the  stone 
and  mortar,  and  turning  it  on  its  outer  edge  and  drawing  it  back  with  a 
spreading  motion  over  the  turned  mass.  The  opposite  mixers  worked  in 
until  the  shovels  met  and  then  they  returned  to  the  edge  again.  When 
the  two  i^airs  met  in  the  centre  of  the  board,  the  concrete  was  in  two 
piles.  The  operation  was  then  reversed,  and  the  concrete  turned  again 
towards  the  centre,  leaving  it  in  one  pile,  which  was  then  shoveled  into 
the  hoisting  box.  In  the  meantime,  the  sand  and  stone-men  had  been 
preparing  their  materials  for  the  next  batch,  to  which  the  mixers  pro- 
ceeded as  before.  The  whole  operation  was  performed  in  from  8  to  10 
minutes.  In  1869,  a  day's  work  for  a  gang  was  fixed  at  50  batches  of 
concrete.  In  1870,  60  batches  were  given  as  a  day's  work,  and  the  task 
was  accomplished  in  from  8  to  9  hours,  according  to  the  length  of  travel 
of  the  cars,  and  consequent  interval  between  the  delivery  of  the  boxes. 
The  work  was  very  arduous,  and  none  but  the  most  powerful  men 
could  stand  it.  They  acquired  great  skill  in  the  manipulation  of  the 
concrete  and  worked  very  systematically.     Part  of  the  time  a  fifth  mixer 
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was  employed  in  turning  up  the  edges  of  the  pile  and  helping  in  the 
h^avy  shoveling  into  boxes. 

During  the  first  two  years  of  the  work,  when  the  masonry  was  below 
or  near  the  ground  level,  the  mixers  shoveled  the  concrete  into  barrows 
which  they  wheeled  and  dumped  themselves.  They  were  paid  by  the 
day,  and  no  limit  as  to  amount  was  assigned  them. 

Two  "  rammers"  took  charge  of  the  concrete  as  it  was  dumped  from 
the  barrows  or  cars,  and  spread  it  and  then  rammed  it  with  wooden 
rammers. 

I  76.  In  the  following  table  is  given  the  cost  in  time  of  laying  con- 
crete for  each  season  separately,  and  also,  for  comparison,  the  cost  of 
laying  concrete  at  St.  Louis,  Mo. ,  as  furnished  by  Mr.  T.  A.  Meysenburg, 
when  in  charge  of  the  construction  of  a  reservoir  for  the  St.  Louis  Water 
Works.  He  explains  the  greater  cost  of  mixing  by  saying  that  laborers 
will  not  do  nearly  the  same  amount  of  work  in  that  latitude  that  they 
will  at  the  East. 


N.  Y 

Storage  Eeservoie. 

St.  Louis  Eeservoie. 

1867. 

1868. 

1869. 

1870. 

1868. 

1868. 

1869. 

2  715 
1.65 

4  082 
1.85 

6  206 
1.85 

3  720 
1.85 

Proportion  of  stoue  to  mortar.. 

2.5 

2 

Mixed  on  Level 
and  wheeled  in. 

Hoisted  by 

Steam  .4Nd   run 

ON  Cars. 

On  Level— Whe 

Days'  work  per  cubic  y.usd. 

2  1^ 

o 

fa 

Is 
sis 

§2  g 

& 

0.227 

o  2 

n  <D  o 
fa*" 
0.145 
0.088 
0.152 
0.065 

OS 

as§ 

g<2<S 

fa 

0.121 
0.070  i 
0.108 
0.071  1 

ELED  IN. 

Mixers J 

0.223 

0.603 

0.537 

0.399 

Handling  sand 1 

0.161 

0.114 

0.183 

0.134 

0.250 

0.127 
0.046 
0.071 
0.420 
1.425 
0.946 

0.098 
0.035 
0.073 
0.420 
1.428 
0.946 

0.065 
0.125 
0.428 
1.446 
0.888 



0.076 

0.078 
0.416 
1.420 
0.946 

0.088 
0.125 
0.373 
1.259 
0.926 

0.057 
0.107 
0.411 
1.394 
0.826 

0.068 

Kamming 

0.128 
0  444 

1  500 

1.111 
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To  compare  the  four  years'  work,  the  hoisting  must  be  left  out  of  the 
account.  In  the  first  two  years,  the  mixers  did  the  same  work  that  the 
mixers  and  ear  tenders  together  did  in  the  last  two  years.  The  men 
handling  sand  and  stone  must  be  taken  in  connection  with  the  carts,  as 
the  transportation  from  the  piles  was  done  by  barrows  or  carts,  according 
to  the  distance  from  the  mixing  boards.  Calling  a  cart  and  driver 
equivalent  to  two  men,  we  have,  as  day's  work,  per  cubic  yard  : 


1867. 

1868. 

1869. 

1870. 

Furnishing  material  to  mixers ... 

0.291 
0.223 

0.266 
0.227 

0.281 
0.233 

0  229 
0.191 

Total 

0.514 

0.493 

0.514 

0.420 

This  shows  that  the  increased  charge  of  stone,  and  the  work  coming 
nearer  to  the  surface,  diminished  the  cost  in  1868,  but  that  the  change  in 
1869  to  the  system  of  paying  for  50  batches  as  a  day's  work  made  a  con- 
siderable increase  in  cost  for  that  year,  while  in  1870,  when  60  batches 
was  a  day's  work,  the  cost  was  similarly  diminished.  One  reason  for  the 
diminished  cost  of  engine  in  1870  was  that,  when  concrete  had  to  be  put 
in,  two  gangs  of  mixers  were  kept  going  by  one  engine  on  short  runs  of 
the  car. 

I  77.  The  spreading  and  ramming  cost  more  the  first  season  than  after- 
wards, because,  at  the  beginning  of  the  work,  the  concrete  was  made 
much  less  moist  than  in  the  succeeding  seasons,  and  the  first  layer  on  the 
rock  in  the  bottom  required  the  closest  attention  to  obtain  proper  ad- 
hesion, and  insure  the  bottom  of  the  course  being  thoroughly  filled  with 
mortar.  It  was  found  afterwards  that  where  the  concrete  was  surrounded 
by  large  stones,  freshly  plastered,  and  the  water  was  confined  and  pre- 
vented from  running  off,  the  mass  worked  better  and  more  easily  by 
being  made  quite  wet,  A  batch  transported  from  the  mixing  board  to 
the  i^lace  where  it  is  to  be  laid,  in  one  mass,  and  there  dumped  and 
spread  to  ii roper  thickness  (about  8  inches),  makes  far  better  and  more 
homogeneous  concrete  than  if  moved  in  small  quantities  in  barrows. 
There  is  less  loss  of  mortar  and  water,  less  separation  of  the  fine  and 
coarse  parts  of  the  batch,  and,  consequently,  less  tendency  to  have  part 
of  the  concrete  honeycombed.  When  the  mortar  is  quite  dry,  liard  ram- 
ming is  necessary  to  consolidate  the  mass,  but  it  also  tends  to  disintegrate 
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it  the  instant  that  the  cement  has  begun  to  set,  and  this  is  generally 
before  the  mass  can  be  thoroughly  consolidated.  The  best  method  is  to 
have  the  mortar  a  little  more  moist  than  is  proper  for  masonry,  the  batch 
dumped  in  one  mass,  leveled  oft'  with  shovels  (the  spreader  at  the  same 
time  turning  over  any  irregularly  mixed  parts),  and  then  slightly  rammed 
with  a  wooden  rammer.  Where  it  comes  against  walls  or  forms,  it  is 
better  to  compact  it  by  cutting  with  a  shovel  and  then  slightly  ramming, 
thanbyattemja ting  to  make  it  solid  by  ramming  alone.  The  amount  of 
water  needed  varies  with  the  temperature  and  condition  of  the  atmos- 
phere. Ordinarily,  when  the  sand  is  slightly  damp,  and  the  stone  well 
washed  and  wet,  the  quantity  of  Avater  used  in  mixing  the  mortar  should 
not  exceed  3^  cubic  feet  per  batch. 

^  78.  The  concrete,  when  set,  weighed  133^  pounds  i^er  cubic  foot; 
its  specific  gravity  was  2.13. 

IV.  Setting  Large  Stone  IN  CoNCKETE. — ^79.  The  large  un wrought 
stone  laid  in  the  concrete,  from  the  foundation  to  within  45  feet  of  the 
top  of  the  dam,  were  set  in  full  mortar  beds,  and  the  surfaces  plastered 
just  before  concrete  was  laid  around  them.  The  setting  was  mostly  done 
by  laborers,  one  mason  superintending.  The  cost  in  day's  work  per 
cubic  yard  was  as  follows: 


Total  quantity  laid,  cubic  yards 

Percentage  of  whole  mass 

Foreman  (mason) 

Laborers,  setting 

"        plastering 

"       mixing  mortar 

"       at  derrick 

Cement — barrels , 

Sand — cubic  yards 

Stone —    "         "    

Transporting  stone  to  the  work — teams 
Laborers  loading — teams 


2  353 
36  A 


Days,  per  cubic  yard . 


0.046 

0.057 

0.208 

0.142 

0.085 

0.056 

0.078 

0.083 

0.238 

0.254 

0.283 

0.299 

0.084 

0.088 

0.897 

0.892 

0.160 

0.073 

0.305 

*  stone  lowered  average  of  20  feet. 

t  One-half  lowered  5  feet;  one-quarter  swung  in  level;  one-quarter  hoisted  6  feet. 
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The  cost  of  the  mass  of  concrete  and  large  stone,  as  laid  in  1867,  was 
89^  per  cent,  of  the  cost  of  concrete  alone,  and  in  1868  was  84J  per  cent, 
of  such  cost. 

§  80.  For  reasons  before  given  (^  55)  the  percentage  of  large  stone  in 
work  of  this  class  ought  not  to  exceed  25  per  cent,  of  the  mass,  in  which 
case  the  cost  of  the  mass  may  be  safely  estimated  to  be  reduced  10 
per  cent,  below  concrete  cost,  and  its  specific  gravity  increased  8  per 
cent. 

V.  Cut  Stone  Masonry — Quarrying. — §81.  The  stone  for  cutting 
was  split  out  on  the  hill  sides,  and  hauled  to  the  stone  yard  near  the  dam. 
During  the  first  year  the  quarry  was  not  well  managed,  and  the  cost  was 
too  great  to  be  of  service  for  comparison.  During  the  second  year,  the 
greater  proportion  of  the  stone  quarried  was  for  rough  stone  and  for 
breaking.  The  cost  in  time  of  quarrying  the  stone  not  intended  for 
cutting  was  for  3,400  cubic  yards  : 


Days  per  cubic  yard. 

Foreman 0.041 

Drillers 0.339 

Laborers 6.14 

Blacksmiths 0.036 


Days  per  cubic  yard. 

Tool-boy 0.035 

Teams 0.141 

Labor,  loading  teams 0.077 

Tools,  powder  and  fuse,  to  be  added. 


§  82.  From  January,  1869,  to  July,  1870,  4,000  cubic  yards  of  stone 
for  catting  were  quarried.  All  of  this  was  split  out  with  plugs  and 
feathers,  and  hauled  to  the  stone  yard,  an  average  distance  of  one  mile. 
The  cost  in  time  was  : 


Days 

per 

cubic  yard. 
...     0.114 

Days  per  cubic  yard- 

...     0.917 

Tool-boy 0.108 

. ..     0.429 

Teams 0.620 

...     0.102 

VI.  Stone  Cutting.—?  83.  Bubble  range  masonry  is  described  above 
in  1 37.  The  stone  was  estimated  at  2  J  feet  beds.  The  actual  average  bed 
as  laid  in  walls  was  2.715  feet.  As  estimated,  10.8  sqluare  feet  of  face  =  1 
cubic  yard.  The  average  face  dimensions  of  the  stone  were  1.8  feet  rise 
X  3.6  feet  long  —  6.48  square  feet  face  per  stone  ;  this  gave  about  19 
superficial  feet  of  joint  cutting  jjer  stone. 
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The  average  day's  work  of  a  man,  deduced  from  3^  years'  work,  in 
wliich  5,200  cubic  yards  were  cut,  was  6,373  square  feet  face  per  day. 
That  is,  1  cubic  yard  took  1.569  days'  work  of  cutter.  Average  day's 
work  of  superficial  feet  of  joint  was  18.7  feet  per  day. 

In  cutting  the  granite  for  the  gate  houses  of  the  Croton  Reservoir  at 
86th  street,  in  New  York,  in  1861-2,  the  minimum  day's  work  for  a  cutter 
was  fixed  at  15  superficial  feet  of  joint.  This  included  also  the  cutting 
of  a  chisel  draft  around  the  face  of  the  stone,  which  costs  per  linear  foot 
about  one-fourth  as  much  as  a  square  foot  of  joint,  making  the  actual 
limit  equivalent  to  about  17.7  square  feet  of  joint. 

On  the  same  work,  the  proportion  to  be  added  to  the  cost  of  cutters  to 
give  the  total  cost  of  stone  yard  was  as  follows,  for  19  months'  work  : 

For  superintendouce add  8  per  cent. 

"  sheds  and  tools "     7    "      " 

"sharpening   tools "    11     "      " 

"  labor  moving  stone  in   yard "    10     "      " 

"drillers  plugging  off  rough  faces "     4    "      " 

Total  to  be  added 40    "      " 

^84.  For  dimension  stone,  cut  to  i-inch  joints,  and  hammer-dressed 
(pean  hammered)  on  the  faces,  1  cubic  yard  takes  9  days'  work  of  cut- 
ters. The  coping  of  the  dam,  composed  of  two  separate  courses  of 
stone, 

1  of  12-inch  rise,  30-inch  bed,  average  length  3 J  feet. 
1  "    24-  "       ••      48-  "        "  "  "         2i   •• 

top  pean  hammered,  face  rough  with  chisel  draft  around  it,  beds  and 
joints  to  lay  i  inch,  took  per  cubic  yard  6.1  days'  work  of  cutters. 

Grooved  work  for  stop  plank  on  upper  face  of  dam  as  shown  in 
Fig.  4,  with  fine  cut  grooves,  courses  averaging  20  inches  rise,  took 
10.86  days'  work  of  cutters  for  every  foot  rise.  Steps  cut  in  rock  to 
receive  the  face  wall  of  dam  on  northeast  end,  took  1.2  days'  work  of 
cutters  per  linear  foot  of  face.  The  above  rates  are  all  for  granite,  or 
stone  of  similar  hardness. 

The  stone  used  for  the  dam  averaged  172  pounds  per  cubic  foot, 
and  the  specific  gravity  as  laid  in  wall  with  mortar  was  2.71. 

VII.  Laying  Masoney. — g  85.  Most  of  the  cut  stone  was  laid  by  one 
mason.  More  than  two  were  not  employed  at  any  time.  The  mason's 
gang  also  shifted  derricks.  The  cost  of  hauling  stone  to  work  varied 
with  position  of  the  blocks  in  the  yard  and  whether  they  were  assorted 
there  into  courses,  or  lay  i3romiscuously. 
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The  cost  in  time  of  laying  the  masonry  in  each  year  was  as  follows: 


Cut  Stone  Masonry. 

1868. 

1869. 

1870. 

Totalcubic  yards  laid 

1070 

2270 

2530 

Hand  hoist. 

Hand  hoist. 

Steam  hoist. 

Steam  hoist. 

Days  per  cubic  yard. 

Average  5  feet. 

10  feet  to  20  feet. 

20  feet  to  30  feet. 

30  feet  to  50  feet. 

Mason 

0.120 

0.119 

0.082 

0.108 

Laborers 

0.184 

0.188 

0.145 

0.165 

Mortar  mixer 

0.100 

0.082 

0.076 

0.101 

Derrick  aud  carmen. 

0.327 

0.341 

0.235 

0.261 

Engine,  hours 

04 

0.462 

0  490 

Cement,  barrels 

0.3U 

0.3 

0.280 

Sand,  cubic  yards... 

0.093 

0.093 

0.093 

Stone,  cubic  yards. . 

0.887 

0.889 

0.900 

Teams  from  yard .... 

0.100 

0.056 

0.110 

Labor  loading  teams. 

0.184 

0.223 

0.086 

g  86.  The  stones  were  suspended  by  two  hooks  at  the  ends  of  a  chain, 
on  which  was  a  sliding  ring.  The  hooks  were  put  in  notches  on  the 
front  and  back  of  the  stone,  made  with  a  stone-cutter's  "point."  The 
sliding  ring  enabled  the  bed  to  be  slung  at  any  angle.  The  lower  face 
wall  was  set  with  the  beds  sloping  back  2  feet  in  5.  This  inclination 
caused  a  good  deal  of  trouble.  A  stone  would  rest  without  sliding  when 
it  was  first  laid  on  the  mortar,  but  when  struck  with  the  maul  would 
slide  unless  the  blow  was  delivered  perfectly  square  with  the  stone.  This 
was  almost  impossible  to  do,  and  as  a  good  purchase  for  a  pinch  bar  could 
not  well  be  obtained,  the  masons  used  blocking  against  the  concrete  to 
hold  the  stone  in  place.  This  had  a  tendency  to  throw  the  rear  of  the 
stone  up  and  keep  it  from  its  bed.  Although  apparently  a  small  matter 
and  easily  attended  to,  this  is  in  fact  a  serious  objection  to  the  laying  of 
stone  on  that  slope,  when,  as  in  this  work  there  are  over  3  miles  of 
stone  to  be  so  laid.  It  is  better  to  diminish  the  face  batter  to  one-third 
instead  of  four-tenths,  even  if  it  involved  the  making  of  an  occasional 
offset  in  the  wall  to  reduce  the  amount  of  material. 

VIII.  Brick  Masonry. — g  87.  The  amount  of  brick  masonry  was  small, 
only  the  arches  of  the  waterways,  and  the  interior  walls  of  the  gate-house 
being  laid  in  brick.  The  bricks  used  were  "  Croton  "  hard-burned 
selected  brick.    The  arches  were  semicircular,  4^  feet  in  diameter,  laid  in 
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three  rings.  The  inner  ring  contained  33  brick,  the  middle  one  88  and 
the  third  42.  As  laid  in  the  arch,  22  stretchers  or  47  headers  were  14.90 
feet  long.     1  cubic  yard  took  554  brick  and  0.95  barrels  of  cement. 

The  sizes  of  brick  vary  so  much  in  different  localities  that  any  esti- 
mate based  on  the  number  of  brick  laid  has  only  a  limited  local  value. 
The  i^roportional  number  of  brick  used  in  different  classes  of  work  may 
be  useful.  Thus,  1  000  of  the  same  kind  of  brick,  viz.:  "Croton  hard 
brick,"  laid. 

In  lining  wall  of  gate-house  substructure,  86tli  street.  New  York 45.2  cubic  feet. 

In  flat  arch,  High  Bridge  enlargement.  New  York 46.0  " 

In  small  arches.  Storage  Keservoir 48.9  " 

On  an  average — the  weight  of  these  bricks  is  4J  pounds  each,  and  they 
will  absorb  19  per  cent,  of  their  bulk  of  water. 

The  time  of  masons  laying  brickwork  under  inspection  varies  very 
much  from  that  in  ordinary  building.  No  class  of  mechanics  needs  more 
instruction  at  the  outset,  and  constant  supervision  than  bricklayers  on 
public  works. 

In  estimating  on  cost  of  brickwork,  the  class  of  work  must  be  parti- 
cularly considered.  The  great  difiference  in  cost  of  different  kinds  of 
work  is  exemplified  by  the  following  table  of  actual  cost: 

Days  mason 
per  cubic  yard. 

High  Bridge  enlargements  1863.  Lining  wall  and  flat  arch  laid  with  very 

close  joints 0.714 

Washington  Aqueduct,  1804.    Circular  conduit  9  feet  diameter,  12  inches 

thick 0.439 

St.  Louis  Water  Works.  Conduit  semicircular  arch  6  feet  diameter,  ver- 
tical sides  and  invert 0.364 

Storage  Reservoir,  1869.    Lining  of  gate-house,  walls  and  arch  ;  rather 

rough  work 0 .  304 

Roads. — |  88.  Three  miles  of  new  roads  around  the  reservoir  were 
built  by  the  Department.  The  section  of  the  road  as  built  is  shown 
in  Fig.  3.  The  road-bed  is  16  feet  wide  with  a  crown  of  6  inches, 
and  a  ditch  Ij  feet  deep  on  the  side.  All  material  was  removed  to  a 
depth  of  one  loot  below  the  grade,  and  a  top  dressing  of  the  best  gravelly 
earth  in  the  vicinity,  free  from  stones  over  Ij  inches  in  diameter  put  on 
and  well  carted  over.  Fillings  were  made  with  loose  rock,  and  frequent 
culverts  provided.  On  the  reservoir  side,  retaining  walls  of  boulders, 
toi)ped  with  a  fence  wall  3|  feet  high,  2  feet  wide  at  bottom  and  18 
inches  at  top,  were  built.      These  roads  have  been  in  use  five  years,  have 
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never  been  repaired  and  are  perfectly  good  now.  The  cost  of  the  road, 
fence-walls  and  three  bridges  was  $18,172  per  mile. 

The  cost  of  the  dam  alone  to  the  completion  of  the  original  design 
(except  calking  and  pointing  the  upper  face)  in  1870,  was  $370,000. 
The  total  cost  of  the  reservoir,  including  land,  dam,  roads  and  engineer- 
ing to  the  same  date  was  $590,000. 

^  89.  In  preparing  this  memoir,  an  endeavor  has  been  made  to  present 
only  the  results  of  actual  experience,  and  to  aid  in  supjDlying  a  want 
which  is  often  felt  by  engineers  in  estimating  the  cost  of  work  with  the 
details  of  which  they  are  not  familiar.  Every  engineer  of  experience 
has  his  collection  of  memoranda  concerning  work  on  which  he  has  been 
engaged;  but  when  called  upon  to  estimate  on  another  class  of  construc- 
tion, data  are  very  difficult  to  obtain.  The  estimates  of  contractors  are  too 
frequently  based  on  mere  guess-work,  as  is  shown  by  the  very  great  dis- 
crepancy in  the  bids  on  every  work  which  is  ofifered  at  public  competition. 
The  only  data  which  can  be  relied  uijon  are  founded  on  observation  of 
the  time  actually  taken  to  perform  certain  operations.  With  these  as  a 
basis,  the  cost  at  current  prices  can  be  computed.  To  this  cost  must  be 
added  the  amount  needed  for  plant,  superintendence  and  profits,  concern- 
ing which  no  rule  can  be  given,  as  every  public  work  has  its  peculiarities 
which  require  special  study,  but  at  the  bottom  of  all  is  the  actual  cost 
of  doing  the  work,  and  a  knowledge  of  this  is  essential  to  making  an 
intelligent  estimate. 
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COMPOUND  AND  NON-COMPOUND  ENGINES,  STEAM-JACKETS,  &c. 

A  Paper  by  Charles  E.  Emery,  M.  E.,  Member  of  the 

Society. 

Pbesented  Decembek  19th,  1874. 

Herewith  are  presente'd  two  tabialar  statements  ;  No.  1,  showing  the 
results  of  experiments  made  at  Baltimore,  Md.,  in  May,  1874,  with  the 
steam  machinery  of  the  U.  S.  Coast  Survey  steamer  "  Bache,"  under  the 
general  direction  of  the  writer,  and  No.  2,  showing  the  results  of  experi- 
ments made  at  the  U.  S.  Navy  Yard,  Boston,  Mass.,  in  August,  1874,  with 
the  steam  machinery  of  the  U.  S.  revenue  steamers  "Kush,"  "Dexter" 
and  "Dallas,"  under  the  general  direction  of  Chief -Engineer  Charles  H. 
Loring,  U.  S.  N.,  and  the  writer.* 

The  tables  and  occasional  extracts  are  taken  from  the  official  reports 
to  the  Department.  The  results  of  the  experiments  with  the  Bache  are 
published  by  permission  of  Capt.  C.  P.  Patterson,  Superintendent  of  the 
U.  S.  Coast  Survey,  in  advance  of  the  completion  of  the  final  report  of 
investigations  upon  the  same  general  subject. 

*  The  experiments  with  the  "  Baclie  "  form  part  of  an  extended  series  of  investigations 
with  steam  machinery  of  varioua  kinds,  made  to  ascertain  tue  best  means  of  securing  economy 
of  fuel,  which  were  commenced  by  the  writer  (then  an  assistant-engineer  in  the  U.  S.  Navy)  in 
the  year  1866,  and  continued  in  connection  with  the  Novelty  Iron  Works,  New  York,  where  a 
special  apparatus  was  fitted  up  for  the  purpose.  [They  were  however  entirely  independent  of 
those  the  government  had  in  progress  at  the  same  time.]  Among  other  results,  it  was  in  due 
time  developed  that  the  compound  engine  furnished  one  of  the  best  practical  means  of  secur- 
ing economy  of  fuel,  but  the  proprietors  of  the  Novelty  Iron  Works  decided  to  close  the 
establishment  in  the  winter  of  '69-'70,  and  nothing  further  was  done  at  the  time. 

The  results  then  obtained  showed,  with  considerable  accuracy,  the  law  of  variation  in  the 
cost  of  the  power  due  to  changes  of  the  steam  pressure  and  degree  of  expansion,  and  other 
matters  of  importance,  which,  coming  to  the  attention  of  Capt.  C.  P.  Patterson,  then  connected 
with,  now  superintendent  of,  the  U.  S.  Coast  Survey,  so  interested  him  that  ho  made  arrange- 
ments to  provide  the  means  required  to  complete  the  trials  on  the  plan  originally  intended. 
The  experimental  machinery  was,  in  part,  purchased  in  the  general  sale  at  the  Novelty  Iron 
Works,  and  after  being  reconstructed  the  experiments  were  in  due  time  proceeded  with,  though 
the  loss  of  the  skilled  workmen  and  facilties  of  the  Novelty  Works  was  severely  felt  and 
caused  unexpected  expense  and  delay.  Messrs.  Hecker  &  Bro.,  the  well-known  millers,  with 
characteristic  public  spirit,  rendered  valuable  assistance  by  providing  a  location  for  the 
machinery,  with  use  of  boilers,  pumps,  &c. 

These  experiments  included  a  trial  of  nearly  every  possible  change  of  arrangement  and 
condition  to  which  simple  and  compound  engines  could  be  put  in  relation  to  steam  pressure, 
expansion,  use  of  steam-jackets,  &c.  Upon  completing  the  principal  computations,  it  was 
found  desirable  to  ascertain  the  nature  of  the  change  in  result  due  to  increasing  the  size  of 
engines  of  the  same  general  character.  Other  experiments  with  which  we  had  been  associated 
furnished  part  of  the  necessary  data,  but  to  still  further  complete  the  investigation,  with  the 
consent  of  the  Superintendent  of  the  Coast  Survey,  practical  experiments  were  made  with  the 
machinery  of  the  steamers  Blake  and  Bache,  corresponding  to  some  of  those  with  the  experi- 
mental apparatus. 

The  pressure  of  professional  duties  has  prevented  the  writer  from  promptly  completing 
the  arrangement  and  discussion  of  the  many  hundred  experiments,  with  the  deductions  due 
to  the  numerous  changes  of  condition,  but  the  results  will,  as  soon  as  possible,  be  reported  to 
the  Superintendent  of  the  Coast  Survey  and  promptly  published. 

The  information  derived  from  the  trials  of  the  experimental  machinery  was  utilized  in 
some  degree  in  designing  the  machinery  for  the  U.  S.  Revenue  steamer  Rush,  and  it  having 
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Description  of  the  Machinery. — The  engine  and  hull  of  the  steamer 
Bache  were  built  in  1870,  by  Messrs.  Pusey,  Jones  &  Co.,  of  Wilmington, 
Delaware.  The  engine  was  designed  by  the  writer,  and  is  of  the  steepled 
comijound  type,  the  larger  cylinder,  which  is  steam-jacketed,  being  sup- 
ported vertically  upon  frames  as  in  ordinary  vertical  engines.  The  smaller 
cylinder,  which  is  not  steam-jacketed,  is  supported  above  the  other  by  4 
side  columns.  The  pistons  are  attached  to  the  same  piston-rod.  Suit- 
able pipes  and  valves  are  provided  so  that  the  live  steam  can  be  supi^lied 
to  the  larger  cylinder  and  excluded  from  the  smaller,  the  former  then 
working  as  a  single  engine.  Ordinarily,  when  operating  as  a  compound 
engine,  the  steam  from  the  upper  cylinder  passes  to  the  chest  of  the 
lower  through  a  large  pipe,  no  pains  having  been  taken  to  reduce  the 
intermediate  space,  as  the  distribution  of  power  between  the  two  cylin- 
ders can  easily  be  regulated  by  the  adjustable  cut-off  on  the  larger. 

Steam  is  distributed  to  each  cylinder  by  a  short  slide  valve  at  each 
end,  and  for  both  cylinders  there  are  independently  adjustable  cut-off 
plates  on  the  backs  of  the  main  valves.  The  valve  faces  of  upper  cylin- 
der are  carried  out  so  that  the  valves  of  both  cylinders  are  operated  by 
continuous  stems,  but  the  ports,  which  lead  directly  out  from  the  clear- 
ances, are  shorter  than  usual  for  the  upper  cylinder,  and  of  the  least 
possible  length  in  the  lower  cylinder.  The  engine  is  provided  with 
a  surface  condenser.  The  air  pump  is  operated  through  the  usual  levers 
from  the  main  crosshead.  The  circulating  pump  is  of  the  centrifugal 
pattern,  operated  by  a  small  independent  engine,  directly  connected. 

The  boiler  is  of  the  Scotch  return  tubular  type,  and  of  suflBcient 
strength  for  a  steam  pressure  of  100  pounds,  according  to  U.  S.  laws, 
through  ordinarily  worked  at  80  pounds  pressure.  It  is  provided  with  a 
steam  chimney,  arranged  above  the  front  connection  in  the  usual  manner, 
and  connected  to  boiler  by  a  large  tube. 

been  found  exijedient  to  put  engines  of  different  kinds  in  the  two  sister  vessels,  the  Dexter 
and  Dallas,  the  opportunity  presented  of  testing,  in  these  vessels,  the  relative  merits  of  the 
three  kinds  of  engines  attracted  considerable  attention.  Several  manufacturers  and  engineers 
expressed  a  desire  that  competitive  trials  be  made.  A  correspondence  on  the  subject  was 
opened  between  thf  Navy  and  Treasury  Departments,  which  resulted  in  an  aijreement  for  a 
trial  under  the  direction  of  persons  representing  both  services,  and  Chiel-Engineer  Chas.  H. 
Loring,  U.  S.  N  ,  and  the  writer,  were  selected  in  behalf  of  the  Navy  and  Treasury  Depart- 
ments, respectively,  to  make  preparations  for  and  take  general  charge  of  the  trials. 

When  the  preparations  were  complete,  the  following  officeis  were  detailed  to  conduct  the 
experiments,  viz.  :  Chief-Engineers  Eilward  Farmer  and  George  D.  Emmons,  U.  S.  N.  ; 
Chief-Engineers  F.  H.  Pulsifer  and  F.  A.  D.  Bremon,  U.  S.  R.  M.  As  assistants  to  these  gen- 
tlemen there  were  detailed  Past  Assistaut-Kugineers  Harvey  and  Cook,  and  Assistant- 
Engineer  Tobin,  U.  S.  N.,  also  jNIr.  E.  Hugentobler,  who  was  one  of  the  assistants  of  the  writer 
during  the  previous  experiments  with  the  steamers  Blake  and  Bache. 

During  the  experiments  with  the  revenue  steamers  the  care  of  the  machinery  was  intrusted 
to  the  engineers  of  the  respective  vessels.  The  chief-engineers  detailed  for  the  experiments 
stood  regular  watches,  with  an  assistant,  while  the  experiments  \rere  in  progress,  and  at  the 
close  certified  duplicate  copies  of  the  logs,  which  are  deposited  iu  the  Navy  and  Treasury 
Departments,  respectively. 
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The  following  are  tlie  jiriucipal  dimensions  of  the  machinery  of  the 
Bache  : 

ENaiNE. 

High  Pressure.  Low  Pressure. 

Diameter  of  Cylinders,    inches 15.98  25. 

Diameter  of  Piston  Kods,     •'     2.5  3.625 

Stroke  of  Pistons,                  "     24.00  24.000 

Size  of  Cylinder  Ports,          "       9x1.5  18x1.5 

Ratio  of  Piston  Displacement  to  Capacity  of  Clearances  and  Pas- 
sages  0486  .0405 

!1  2  4*^98 

40987  J-'""" 

Ratio  Capacities  of  Cylinders  to  Capacities  of  intermediate  Chamber 

and  Passages 2.6272  1.0768 

Boiler. 

Diameter , 8  ft.  2  inches. 

Length 12  ft. 

Inside  Diameter  of  Furnace  Flues 34  inches. 

Tubes,  90  in  number,  9  ft.  9  ins.  long,  and  3  ins.  in  diameter. 

Grate  Surface 31.16  sq.  ft.. 

Cross  Area  of  Tubes  for  Draft 3.78 

Water  heating  Surface 950 .10        " 

Steam  heating  Surface 54.32        " 

Ratio  cross  Area  of  Tubes  to  Grate  Surface 8.25        " 

Ratio  Grate  to  heating  Surface 30 .  50        " 

Ratio  cross  Area  of  Tubes  to  heating  Surface 252 .  02        " 

Ratio  cross  Area  of  Tubes  to  Steam  Space  (9  ins.  water  above  tubes) 48.80        " 

The  three  revenue  steamers  are  similar  as  respects  the  hulls,  the 
screws  and  the  boilers,  but  the  engines  are  different  each  from  the  other 
— that  of  the  Rush  being  a  compound  engine  ;  that  of  the  Dexter  a  high- 
pressure  condensing  engine,  and  that  of  the  Dallas  a  low-pressure  con- 
densing engine. 

The  vessels  are  each  140  feet  long  over  all,  129^  feet  between  perpen- 
diculars at  water  line,  23  feet  extreme  breadth  of  beam,  and  10  feet 
depth  of  hold.  The  draught  of  water  aft  is  about  8  feet  10  inches.  The 
hulls  are  of  wood.  The  vessels  represent  the  smallest  type  of  fuU- 
jjowered  screw  revenue  cutters  adapted  for  cruising  purposes.  They 
were  all  intended  to  be  rigged  as  schooners,  but  it  having  been  decided 
to  send  the  Rush  to  the  Pacific  coast,  she  was  rigged  as  a  top-sail  schooner. 
One  of  the  vessels  averaged  upward  of  11  nautical  miles  per  hour,  for  6 
consecutive  hours,  on  her  trial  trip,  and  neither  of  them  averaged  less 
than  10  knots,  the  machinery  being  entirely  new  in  each  case. 

Each  vessel  has  one  boiler,  11  feet  wide  on  base,  and  9  feet  high,  with 
a  double  segmental  shell,  each  portion  being  6  feet  2  inches  in  diameter. 
There  are  3  furnaces  in  each  boiler,  located  between  water  legs  at- 
tached to  the  bottom   of  the  shell.    The  products  of  combustion  return 
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througli  tubes  witliin  the  shell.  The  boiler  of  the  Dallas,  designed  for 
low-pressure  steam,  is  13  feet  9  inches  long,  the  front  connection  being 
built  in  and  the  steam  chimney  attached  to  the  boiler.  The  boilers  of 
the  two  other  vessels  were  designed  for  high-pressure  steam,  and  are 
each  12  feet  long,  independent  of  front  connection,  which  is  a  separate 
structure,  bolted  on.  The  steam  chimney  is  also  a  separate  structure, 
connected  to  boiler  by  a  large  tube.  The  boiler  of  the  Dallas  has  160 
tubes,  3J  inches  in  diameter,  and  9  feet  3  inches  long.  The  boilers  of 
the  two  other  vessels  have  each  158  tubes,  3i  inches  in  diameter,  and  9 
feet  8  inches  long. 

The  Rush  is  propelled  by  a  compound  engine,  with  vertical  cylin- 
ders and  intermediate  receiver,  arranged  fore  and  aft  at  the  same  level, 
the  pistons  being  separately  connected  to  cranks  at  right  angles.  The 
cylinders  are  thoroughly  steam-jacketed,  felted  and  lagged,  and  are, 
respectively,  24  and  38  inches  in  diameter,  with  27  inches  stroke  of  pis- 
tons. The  steam  is  distributed  to  the  high-pressure  cylinder  by  a  short 
slide  valve  with  adjustable  cut-off  plates  sliding  on  back  of  same.  The 
distribution  of  steam  to  the  low-pressure  cylinder  is  effected  by  means 
of  a  double-ported  slide-valve  with  lap  proportioned  to  cut  off  the  steam 
at  about  half  stroke.  The  surface  condenser  is  arranged  on  the  starboard 
side.  It  supports  2  main  columns  from  the  cylinders,  and  contains  900 
square  feet  of  condensing  surface.  The  air  pump  is  operated  from  the 
cross-head  of  the  low-pressure  engine.  The  circulating  pump  is  of  the 
centrifugal  type,  operated  by  a  small  engine,  directly  connected.  The 
screw  is  8  feet  9  inches  in  diameter,  with  mean  pitch  of  14^  feet.  The 
engine  was  intended  to  be  oj^erated  regularly  with  a  steam  pressure  of 
80  pounds;  but  during  the  trials  hereafter  referred  to  it  was  reduced  to 
correspond  to  the  pressure  carried  on  the  trial  of  the  Dexter.  The 
machinery  was  designed  by  the  writer,  and  built  by  the  Atlantic  Works 
(East  Boston,  Mass.),  the  contractors  for  the  vessel  complete. 

The  Dexter  was  also  built  under  contract  with  the  Atlantic  Works. 
The  engine  of  this  vessel  was  built  from  designs  of  that  establishment, 
and  is  of  the  inverted  type,  with  a  single  cylinder,  26  inches  in  diameter, 
and  36  inches  stroke  of  piston.  The  cylinder  is  not  jacketed,  but  is 
carefully  felted  and  lagged.  Steam  is  distributed  by  a  short  slide-valve, 
with  adjustable  cut-off  plates  sliding  on  back  of  same.  The  condenser 
is  located  outside  the  frame,  but  it  and  the  air  and  the  circulating  pumps 
are  exact  duplicates  of  those  in  the  Rush.  The  engine  and  boiler  are 
designed  to  be  operated  with  a  maximum  steam  pressure  of  70  pounds. 
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The  Dallas  was  built  under  contract  witli  the  Portland  Machine 
Works  (Portland,  Maine).  The  engine  was  designed  in  that  establish- 
ment, and  is  of  the  inverted  tyi^e,  with  a  single  cylinder,  36  inches  in 
diameter,  with  30  inches  stroke  of  piston.  The  cylinder  is  not  steam- 
jacketed,  but  is  carefully  covered  with  non-conducting  composition  and 
lagged.  Steam  is  distributed  by  a  short  slide-valve,  with  adjustable  cut- 
off plates  sliding  on  back  of  same.  The  surface  condenser  is  located 
under  starboard  frames,  and  has  the  same  condensing  surface  as  those  in 
the  other  vessels.  The  air  and  circulating  pumps  are  also  substantially 
the  same.     The  maximum  steam  pressure  to  be  used  is  40  pounds. 

The  steam  jacket  on  the  larger  cylinder  of  the  steamer  Bache  and 
that  on  each  of  the  cylinders  of  the  steamer  Rush  were  sujjplied  with 
steam  in  the  following  manner:  Steam  was  first  admitted  to  the  cavity  in 
cylinder  cover,  from  which,  by  means  of  a  pipe  leading  from  the  bottom 
of  the  cavity,  it  was  conducted  to  the  side  jacket,  thereby  keeping  the 
cavity  in  cover  clear  of  water.  The  side  and  bottom  jackets  communi- 
cated, and  the  water  of  condensation  was  blown  from  latter  into  the  hot 
well,  the  flow  being  regulated  by  inspection  of  a  water  level  in  a  glass 
gauge  on  a  small  chamber  in  the  drain-pipe. 

On  the  Bache,  when  oj^erated  as  a  compound  engine,  the  steam  for 
the  jacket  was  taken  from  bottom  of  steam-chest  of  upi^er  cylinder, 
thereby  keeping  that  drained.  When  the  lower  cylinder  was  ©iterated  as 
a  single  engine  the  steam  for  jacket  was  taken  from  main  steam-pipe. 
On  the  Rush  the  steam  for  jackets  was  taken  directly  from  the  boiler. 

Manner  of  Conducting  the  Experiments. — Both  series  of  trials 
were  made  with  the  vessels  secured  to  the  dock.  During  the  experiments 
with  the  steamer  Bffche  a  double  tank  of  iron  (see  next  page)  for  measur- 
ing the  water  delivered  from  surface  condenser  was  placed  on  the  main 
deck,  in  the  gangway  abreast  of  engine,  and  the  feed  water  delivered  to 
same  directly  by  the  air  pump,  through  a  pipe  with  flexible  termination 
(C),  which  could  be  directed  over  either  compartment  {A,  A^)  of  tank. 
A  pipe  {E),  with  two  branches  {G,  (?'),  and  regulating  cock  {B,  Z)^)  in 
each,  conducted  the  water  from  the  two  compartments,  respectively,  to 
a  tank  in  the  hold,  from  which  the  water  was  withdrawn  by.  the  engine 
feed  pumps.  Each  compartment  held,  by  calculation,  very  nearly  10 
cubic  feet,  at  the  height  of  a  central  overflow  partition  (B),  but  the  exact 
capacity  was  ascertained  by  weighing  water  into  same  of  the  average 
temperature  of  the  feed. 
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The  measurement  was  made  by  filling  one  compartment,  (A)  for  in- 
stance, till  it  overflowed  into  the  other  {A^),  which  had  been  previously 
emptied  ;  the  supply  was  then  changed  to  the  latter  {A^),  and  when  the 
surplus  watf  •  in  first  [A)  had  run  off,  that  compartment  was  emjitied 
and  cock  on  bottom  of  same  closed  in  time  to  receive  the  overflow  from 
the  other  (^')  ;  the  operation  being  rej^eated  alternately  with  each 
compartment. 

To  prevent  the  misplacing 
of  the  cocks  (Z>  and  D'j  the 
attendant  gave  notice  to  the 
officer  of  the  watch  when  each 
compartment  was  nearly  full, 
and  when  the  water  first  broke 
over  the  partition  (B),  a  sig- 
nal Avas  given  and  the  reading 
of  engine-counter  noted.  A 
comparison  of  the  differences 
of  successive  readings  and  the 
constant  attendance  of  two 
persons  elfectually  prevented 
errors.  On  the  next  even 
minute  after  filling  a  tank, 
the  reading  of  engine-counter 
was  again  taken  ;  also  the 
usual  engine-room  data,  and 
the  duration  of  experiments 
was  fixed,  so  far  as  measure- 
ments were  concerned,  by  the 
tank  intervals,  and  in  respect 
to  speed,  by  the  nearest  time 
intervals. 

By  this  plan  the  officer  on 
watch  had  but  one  thing  to 
do  at  a  time  ;  the  principal  calculations  were  left  for  office  work  ;  the 
experiment  could  be  held  to  start  and  stop  at  such  records  as  best 
showed  the  uniformity  of  condition  desired  for  an  experiment,  and  an 
interrupted  run  be  accurately  calculated  up  to  the  end  of  the  tank 
interval  immediately  preceding  the  interruption. 
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The  same  system,  Avitli  some  slight  modification  of  details,  was 
adopted  for  measuring  the  feed  watcu-  during  the  experiments  with  the 
revenue  steamers.  The  measuring  tank  was  placed  on  the  hurricane 
deck,  for  each  of  these  vessels,  and  one  of  the  engine  feed-pumps  em- 
ployed to  raise  the  water  from  hot  well  to  a  small  tank  placed  over  the 
measuring  tank.  The  water  from  small  tank  was  distributed  in  turn  to 
each  compartment  of  the  measuring  tank  l)y  means  of  suitable  valves. 

A  valve  on  the  bottom  of  each  compartment  of  measuring  tank  was 
connected  by  pipes  to  the  suction  of  one  of  the  engine  feed-pumps,  by 
which  means  the  water  was  returned  to  the  boiler  as  soon  as  it  was 
measured.  Each  valve  in  turn  was  adjusted  to  keep  the  feed  substan- 
tially uniform,  care  being  taken  to  empty  '  one  compartment  a  little 
sooner  than  the  other  was  filled. 

Each  compartment  of  tank  was  found  by  trial  to  contain  l,129i 
pounds  of  water,  at  the  temperature  of  72'^  Fahr.  In  making  the  calcu- 
lations of  the  weight  of  the  feed-water,  the  observed  temperatures  for 
the  several  experiments  were  taken  into  consideration. 

On  each  of  the  vessels  one  experiment  was  made  of  sufiicient  length 
to  determine  accurately  the  evaporative  eflSciency  of  the  boiler  ;  and  it 
having  been  shown  that  the  water  measurement  was  substantially  the 
same  from  hour  to  hour,  when  the  conditions  remained  uniform,  the  op- 
portunity was  embraced  to  try  a  number  of  experiments  of  short  dura- 
tion, showing  the  results  under  varied  conditions,  using  the  water 
measurement  only.  On  the  steamer  Bache  previous  to  the  evapor- 
ation trial,  a  quantity  of  anthracite  coal  of  fair  quality,  and  of 
egg  size,  was,  in  the  presence  of  an  ofiicer,  measured  into  a  distinct  por- 
tion of  the  coal-bunkers  and  the  remainder  of  the  bunkers  boarded  up. 
From  this  measured  quantity  the  coal  was  taken  as  rec^uired  for  the  fires, 
and  each  bucket  made  to  balance  accurately  a  fixed  weight  on  a  scale. 
The  weighing  was  done  by  a  careful  machinist,  who  had  no  knowledge 
of  the  quantity  originally  measured. 

In  the  first  experiment  tried  in  this  way,  the  two  methods  of  deter- 
mining the  quantity  did  not  agree,  and  the  coal  measurement  was  re- 
jected. Upon  repeating  the  experiment  there  was  a  very  close  agree- 
ment, so  the  weighed  quantity  was  adopted  as  correct. 

During  the  experiments  with  the  revenue  steamer  the  coal,  which 
was  anthracite  of  fair  quality,  was  broken  on  the  wharf  to  proper  size 
(the  vessels'  bunkers  having  been  closed  and  sealed)  and  filled  into  bags 
to  a  certain  weight. 
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The  bags  were  sent  on  board  when  ordered  by  the  senior  engineer  on 
watch,  he  making  record  on  the  log  of  the  number  of  bags  and  the  time 
of  receiiDt  ;  a  similar  record  being  made  by  one  of  the  men  on  the  wharf. 
At  the  end  of  the  hour  the  number  of  bags  of  coal  actually  put  on  the 
fire  was  reported  from  the  fire-room  and  entered  in  the  apjjropriate 
column.  The  several  records  agreed  with  each  other,  and  the  total 
amount  expended  corresponded  with  the  total  number  of  bags  filled  on  the 
wharf.  The  ashes  were  measured  into  buckets  of  which  the  mean  weight 
was  ascertained  and  tallied  as  they  were  hoisted  out.  They  were  after- 
ward weighed  in  gross  on  the  wharf,  and  the  two  accounts  found  to  agree 
substantially. 

On  all  the  vessels  the  water  level  in  the  boiler  was  noted  every  time  a 
tank  was  filled.  On  the  Bache,  the  water  level  did  not  vary  appreci- 
ably, as  the  condenser  was  qiiite  tight  and  all  leaks  were  of  a  trifling 
nature.  The  same  was  true  on  the  Dallas.  During  the  trials  of 
the  Rush  and  Dexter,  the  water  lost  from  ordinary  causes  in  the 
circulation  to  and  from  the  engine  and  boiler  was  replaced  by 
running  hydrant  water  into  the  tank  that  was  being  filled.  The 
additional  water  was  therefore  measured  and  charged  in  the  cost. 

The  loss  of  water  was  not  sufficient  to  affect  the  result  materially  in 
either  case.  It  was  greatest  in  the  Dexter,  which  had  been  on  service. 
The  safety  valve  of  this  vessel  leaked  slightly,  and  there  was  probably 
some  other  trifling  leak  that  could  not  be  detected.  The  number  of 
inches  that  the  water  fell  in  the  boiler  between  the  periods  of  supj^ly 
being  shown  in  the  logs,  were  added  together,  and  from  the  same  and 
known  dimensions  of  boiler  the  volume  and  weight  lost  were  ascertained 
quite  accurately.  The  reduction  in  the  number  of  revolutions  per  tank, 
when  the  water  was  being  received  from  the  hydrant,  furnished  another, 
and,  perhaps,  still  more  accurate  means  of  ascertaining  the  proportionate 
amount  lost  and  returned.  The  two  methods  closely  agreed  in  fixing  the 
loss  in  the  case  of  the  Dexter  at  4 .  96  per  cent,  of  the  total  amount  of 
water  used. 

On  the  Bache  the  condensed  water  from  the  jacket  and  intermediate 
chamber  was  collected  and  weighed  in  separate  vessels,  and  emptied  into 
the  compartment  of  measuring  tank  from  which  the  boiler  was  at  the 
time  being  fed. 

A  number  of  indicators  were  tested  with  steam  before  the  trials,  and  a 
pau*  selected  for  use  which  proved  correct  by  a  standard  gauge  at  varying 
pressures.    Indicator  diagrams  were  taken  every  twenty  minutes  through- 
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out  both  series  of  trials,  and  the  data  for  the  usual  colurans  of  the  log, 
except  the  coal  and  ashes,  every  hiilf  hour. 

It  -was  found  that  the  pistons  of  the  Dexter  and  Dallas  were  tight,  by 
removing  the  cylinder  covers  and  letting  on  full  steam  pressure. 

Explanation  of  the  Tables. — The  results  of  the  two  series  of  experi- 
ments are  shown  in  Tables  Nos.  1  and  2,  hereto  annexed.  Referring  to 
Table  No.  1,  showing  the  results  of  the  experiments  with  the  steamer  Bache 
it  will  be  observed  that  the  experiments  are  arranged  by  the  degree  of  ex- 
pansion, under  four  general  titles,  two  referring  to  the  engine  when  com- 
pounded, and  two  to  experiments  with  larger  cylinder,  when  used  sepa- 
rately— trials  being  made  in  each  case  at  different  degrees  of  expansion, 
with  and  without  using  the  steam  jackets  on  the  larger  cylinder.  All  the 
experiments,  except  the  last,  were  made  with  an  approximate  steam  pres- 
sure of  80  pounds. 

The  actual  performances  will  be  found  in  lines  46  to  58,  inclusive,  the 
previous  lines  showing  the  several  observed  and  calculated  quantities 
upon  which  the  performances  are  based.  The  weights  of  water  with- 
drawn from  the  jackets  and  intermediate  chamber  are  separately  set 
forth,  also  the  percentage  which  these  quantities  form  of  the  total  water 
used.  The  water  collected  from  jackets  and  intermediate  chamber  having 
been  evaporated  in  the  boiler,  is,  in  all  cases,  included  in  making  up  line 
35,  showing  the  total  weight  of  water  used  per  hour,  upon  which  the 
cost  of  the  power  is  based. 

Referring  to  Table  No.  2,  showing  the  results  of  the  exjieriments  with 
the  revenue  steamers,  it  will  be  seen  that  the  general  arrangement  is 
substantially  the  same  as  in  Table  No.  1. 

The  actual  performances  will  be  found  in  lines  53  to  68,  inclusive,  of 
the  table,  the  previous  lines  showing  the  several  observed  and  computed 
quantities  from  which  the  performances  were  calculated. 

On  these  vessels  the  evaporation  experiments  were  made  at  the 
maximum  power  obtainable  with  the  vessel  at  the  dock.  The  rei^ort 
states  :  "  that  the  evaporation  was  fully  equal  to  that  obtained  in  ordinary 
practice,  but  inasmuch  as  on  land,  and  occasionally  in  steamers  where 
space  will  permit,  it  is  the  practice  to  use  a  slower  rate  of  combustion  in 
comi^aratively  larger  boilers,  thereby  increasing  the  evaporative  eflfect, 
there  has  been  added  to  the  table,  for  comijarison  under  such  circum- 
stances, lines  69  and  70,  showing  the  performances  compared  on  the 
basis  of  the  water  actually  used,  but  with  boilers  of  such  proportions  or 
using  such  variety  of  coal  that  the  evaporation  will  equal  nine  and  ten 
pounds,  resi^ectively,  per  pound  of  coal." 


TABLE    No.    1,    SHOWING   THE    RESDLTS   OF   EXPERIMENTS    WITH    THE    STEAM    MACHINERY   OF    THE    U.    S.    COAST    SURVEY    STEAMER    "BAOHE."    AT   BALTIMORE,    MD.,    IN   MAY,    1874.    (FOB   DIMENSIONS   OF   ENGINE    AND    BOILER,    SEE  SEPARATE   TABLE.) 


" 

„^»B„.»  WHICH  E.On.-HW.SOPE..TKD. 

"^'"■"Sv.SSaSLS'^M/M'S^T-'"'"' 

■       ooMPOc™,  nsm=  sxe..  ..okkt.  ^.  hhm.™  ™m™.xb  chamhcb. 

^'u"ss^M^^^^^r 

smo,.HE.ai.E.OBn,CBTE.H.*CK^. 

\ 

DwignaliOD  Of  BoBB { 

DSS"SaIS!™°!v.'.v.;::v.v.:::;;:;v.'.;::;::::::::::;'.;: 

\ 

" 

1 

J 

5 

; 

1.1ET.P. 

IdErep. 

1 

" 

13 

jnfis. 

^eriST 

"Ti'i'i 

" 

\ 

— 1 

MW  H. 

"Rii- 

"Km 

1.U83 

-  "1 

oo'" 

May  IB. 

M.,  18. 

SUaimOat-olTand  Expan- 

-™ 

imm    nuore  n  boiler                                                        Iba 

n.  p.  cjij^ 

3;S' 

s  ■  ■'"' 

,:;;•  1    6:S 

^ifT  S:?! 

'°     ooT' 

H.  P.  Cjl^ 

^  L.  P.  Cjl. 
l-.S' 

""Si-r 

LeraoiOjl. 

"^"'■fi'' 

1.,..^,^,. 

'"sa"- 

\ 

L™X"n'!°°"T.°^''."'.'.?:;::;.::v.:;::;::v.'.::::;;;:::.:'.. 

8 

v.™.«  «.«.,.»«».. 

».or. 

gownuinlnoooaoiieor loAe.. 

sii        i       H:i' 

sii" 

TjI 

SS:IS 

S:£ 

?i:i' 

!!:is 

!!:S 

;:g 

2il:ra' 

i!:i 

"S 

in 

Iba. 

1.01 

11 

ToRiyioraturcH  (FnlirGuIiolt 

i 
I 

TOniBO  teiDputtitiito  oDBine  room tlc«r«ca 

oaloo 

M.»S 

80.83 

81.376 

"'■■'" 

lii 

lii 

ii 

S 

^1; 

iw:"" 

83.33 

TK^- 

81.60 

86  M 

11 

::       "      r.Kr;;.i;;:::::::::::::::::::::    " 

oooo 

" 

la?:?! 

1? 

AMr»go          ■',            ■            , 

"":m«. 

asciiw. 

^S.M5 

^:i;3 

^.•!:f86 

'i:Si6 

"o'j.-r 

'ISiS'ji 

72.11 
U73S 

'-iSSi— 

""^In 

"H:Si, 

0830. 

SiioM 

IN 



63 

fl'i 

16.283 

i 

"       baci  11  re«mro  above  atmoBplierc  lU  >■  ,■  ■     .•.■■:  -■■.' 

!!f 

ti 

!i 

";!" 

il     -ii 

!fi 

■sl 

\\m 

'S 

sfiS 

'i:i 

3°:lo 

^:i 

i;i 

I5.« 

ss 

"il 

^;H 

'^\i 

11 

»:S 

i:3r 

foiSS 

is:™ 

Ilia! 

ll;!" 

laiSl 

4;r 

iE:ll' 

2t:SS 

2?:ct 

32JI28 

m:!m 

2?:™ 

3o:Sf 

20 

'":S' 

«.5U 

.5.137             Il.KSt 

'":!J' 

S6.3D 

":;j 

IJ.W 

16.071! 

13.050! 

26.1SU 

' 

M,c 

3».M. 

18  HI. 

i".'L 

s 

«.8.3 

fcly 

10  005 

111 

60  5017 

56  1372 

06.011 

Both. 

Jj:J_ 

I!:^ 

00^111 
1782.11 

0..33, 

~20iM:76— 

ZZ 

„ 

!S 

''™"' ] 

M.1  l,oi«.po«.cr 

00.800 

» 

Total  wolnUl  of  w«t(jr  iccolviil  from  hot  v  xii                                      "' 

J6Hfi.(iy 

41M.26 

•"I.^j. 

103S.17        1    1220,30 

2r 

:: 

1081.00 
72170 

l.,6 

32278.60 

1618.70       1  H35.B5 
.00303 1          .01010 

.0106 

"mm 

II 

B..0 

;        ;:  «oort*,';ed  b/^m'^-:::: 

..,::7\i.^ 

™i:L 

1311.97        1    lOSO  15 

::: 

.ri 

I2J! 
2330^7 

4.08 

3. 

ll 

Indicator  diaerams ■' 

Percontago  of  tolal  water  recflWea  from  Jacket  and  eman  elie»t. . . 

■■                  •■              •■                jacketcheatand    "    ... 

2270.83 

■"' 

38 

.0««7 1             .6»(S« 

.{»028  1            .63*6 

.naiM  1            .63101 

•£ 

.0005 

■P 

:1 

l' 

f,';,;-                  

■! 

_!?;•.■ 

i2i 

%°:S! 

.  i»rL, 

Celoulaleil.j  aaculalccT. 

ClUcuUted. 

r^  '^  '" 

^^^^^■^^^ 

V, 

jpcrtommeooIODsU,.... 

*^ '              ,■",,  -  ■ 

2a.a7U8 

37 13083 

!-S-K.^L-.1»! 

Com  por  to  Jleahid  lione.powor  per  hour lh«. 

c.i™i.tca. 

'"Si's'"''               1               '"".''iM''' 

C«lo,,W.,l. 

Celou 

;!>""• 

a^Giio 

C.l» 

M,a. 

:::::::::::::;::  ::..:;,::;:::::;::::■;::::::::: 

'l 1 

I 

,...™.„..o.„...... 

valent  OTapomtloD  f^om  atmaaptiDrlc  prcssuro  am)  t'  >   i 
TaloDtovapontlon  fromatmospborlo  proMuronnii  t.  mi.    i 

10.281 

ll              1               1 

TABLE  No.  2,  SHOWING  THE  RESULTS  OF  EXPERIMENTS  WITH  THE  STEAM  MACHINERY  OF  THE  Q.  S.  REVENUE  STEAMERS  "RUSH,"  "DEXTER,"  AND  "DALLAS,' 
MADE  AT  THE  U.  S.  NAVY  YARD,  BOSTON,  MASS.,  IN  AUGUST,  1874.     (FOR  FURTHER  PARTICULARS,  SEE  TEXT., 


" 

"RUSH." 

"DEXTEK." 

"  DALLAS." 

Sttle  of  En 

COMPOUND. 

HIGH   PKESSHRE,    CONDENSING. 

LOW  PKESSnKE,  CONDENSING. 

1                     r 

!  Dimensions  of   En- J 

inches 

SmaU. 

24 

27 
18  by  IJJ 
.07887 

Large. 

38 

27 

2  of  27  by  1  3-16 

.05849 

20 
36 
16  by  2 
.0337 

36 
30 
33  by  Vi 
.180 

Stro 
Size 

" 

j 

1     ""' I 

Governing      di  men- 
sinus  of   Boilers! 
(horizontol  tubu-l 
lar  type) 

Grate  Rui-fiwp                                                         Rnii 

>re  feet 

57. 
1572.85 
7.74 
27.68 
7.37 

57 
1672,85 

7.74 
27.58 

7.37 

67 
1689.24 

49.63 
7.27 

„ 

Heat 
Cros 
Rati 
Kati 

' 

J. 

1  Designation  of   Ex-  ( 
i       periments i 

NUMBEH 

I 
Long  run.  Rush. 

a 

A. 

3 

B 

4 

C. 

5 

Long  run. 
Dexter. 

6 

D. 

7 

a. 

8 

F. 

9 

E. 

10 

L. 

11 

K. 

la 

Long  run, 
Dallas. 

13 

J. 

12 

Time 

Date  of  espeeiment 

..1874 

H.  P.  Eng.  1  L.  P.  Eng. 
Aug.  3  to  6. 

55 

H.  P.  Eng.  1  L.  P.  Eng. 
Aug  6. 

6 

Aug.  17. 
2.9166 

Aug.  17. 
1.41C6 

Aug.  14-16. 
34.5 

Aug.  17,. 
0.650 

Aug.  17. 
1.3166 

Aug.  17. 
1.200 

Aug.  17. 
0.9166 

Aug.  23. 
1.6106 

Aug.  23. 
1.550 

Aug.  20-21. 
31. 

Aug.  23. 
1.60 

Aug.  23. 

!  Steam    Cnt-off    and] 
r       Expansion 1 

Average  Bteam  presBure  in  boiler 

...lbs. 

69.06 
.35995 
2.4686 

36.731 

'.soi'e' 

1.5948 

4.34 
.5292 
Both. 
4.0301 

68.70 

69.286 

67.12 

66.42 

40.626 

39.0 

41.876 

35.40 

35.286 

31.96 

33.7 

^ 

■^^ 

5.631 
.4652 
Both. 
6.2167 

Rati 

.1827 
4.4573 

.2335 
3.6688 

.2483 
3.489 

.3331 
2.7239 

.262 
3.3377 

.33114 
2.4232 

.4518 
2.0845 

.13296 
6.0674 

.19723 
3.8936 

.26445 
3.1341 

.28774 
2.9358 

.38585 
2.3176 

18 
19 

I  Vacuum   and   Bar-   ( 

Average  vacuum  in  condenser 

"       barometer 

inches 
lbs 

26.495 
30.1767 
14.8122 

26.21 
30.147 
14.798 

25.862 
30.195 
14.821 

25.187 
30.195 
14.821 

25.45 
30.143 
14.796 

25.310 
30.195 
14.821 

26.10 
30.195 
14.821 

26.00 
30.195 
14.821 

25.541 
30.195 
14.821 

26.08 
30.080 
14.765 

26.00 
30.080 
14.765 

25.20 
29.997 
14.7245 

25.363 
30.080 
14.765 

24.790 
30.080 

'                                     ' 

21 

Temperatures  (Fab- J 
renbeit  Scale)...  "^ 

< 

Average  temperature  external  air 

degi'ees 

66.23 
87.86 
59.96 
90.56 
110.306 
114.04 

66.00 
84.23 
69.615 
93.77 
108.77 
114.42 

67.66 
78.428 
66.00 
99.857 
116.74 

64.2 
79.6 
65.00 

104.8 

121. 

63.37 
82.27 
63.66 
102.45 
113.60 
113.65 

66.285 
85.428 
65.859 
100.14 
119.28 

66.33 
86.00 
67.66 
99.66 
107.33 

61.00 
80.00 
60.66 
95  60 
108.66 

67.00 
86.66 
67.00 
99.00 
117.33 

69.76 
76.26 
67.75 
103.50 
122.00 

72.00 
76.80 
68.00 
100.00 
122.00 

74.35 
88.20 
68,75 
98,93 
128,41 

72.66 
76.83 
66.00 
103.50 
128.66 

69.833 

sea  water 

24 

discharge  water 

108.66 
134.00 

*■                                           

?7 

/  RevolutionB ' 

Tota 

231773. 
4250.42 
70.8403 

19971. 
3328.6 
66.475 

9S87. 
3389.83 
66.497 

6466. 
385S.33 
64.3059 

126403. 
3663.86 
61.0642 

2840. 
4369.23 
72.8206 

4017.00 
3050,88 
50.8481 

3978. 
3315.00 
65.25 

33.38. 
3641.45 
60.6909 

4430. 
2920.88 
48.6813 

5294. 
3415.48 
56.9248 

114426. 
3691.16 
61.5193 

6100. 
3868.75 
64.4791 

5839. 

38118.04 

03,4674 

11 

32 
33 
34 

35 

Indicator  Diagi-ama.  ■ 
J 

Ave 

Por 
Ave 

Esti 

age  initial  pressure  in  cyl.  above  atmosphere. .  .lbs. 

total  initial  pressure  in  cylinder " 

*         "    terminal      "                 "        " 

"    cushion       "                 "        " 

ion  stroke  where  cushion  press,  were  measured 

67.467 
82.2792 
29.4412 
31.7332 
.8888 
Maximnm. 

9.50 
29.6848 
39.1848 

2.5 

8.65 
23.4622 

9.222 

11.1032 

Full 

3.4611 
12.7246 
16.1857 

1.5 

35.4473 
60.2453 
27.8506 
29.0618 
.9006 
Maximum. 

8.2305 
18.8818 
27.1123 

2.6 

7.1842 
21.9822 
9.1664 
8.048 
Full 

3.415 
12.2007 
15.7147 

1.5 

65.613 
80.434 
16.344 
7.503 
Full 

3.4487 
34  430 
37.8877 

3.O0 

64.500 
79.321 
17.642 
8.536 
Full 

3.7317 
37.1274 
40.8591 

3.00 

64.4095 
79.2055 
16.8746 
8.207 
Full 

3,6650 
37.5376 
41.1926 

3.00 

69.165 
76.976 
21.633 
10.321 
Full 

6.2710 
42.0285 
47.2995 

3.00 

37.60 
52.321 
13.134 
6.2.68 
Full 

3.1570 
25.6826 
28.7396 

3.00 

36.55 
61.371 
16.771 
8.771 
Full 

3.6347 
30.6649 
84.2996 

3.00 

38.812 
63.638 
19.00S 
9.196 
Full 

4.3137 
33.8385 
88.1522 

3.00 

32.14 
46.905 
9.475 
6,066 
Pull 

2.9730 
18.6215 
21.4045 

2.6 

32.275 
47.040 
11.869 
6.194 
Full 

3  8678 
21.4471 
24.8149 

2.5 

31.8587 
46.6832 
12.6810 
6.1696 
Full 

3.9073 
23.5265 
27.4328 

2.6 

31.095 
45.860 
14.008 
5.875 
FuU 

4.1101 
24.6107 
28.7208 

2.6 

24.666 
39.431 
14.7783 
6.182 
Full 

4.0911 

30 
38 

mean  efl'ective  pressure  in  cylinder. . . . 

total  pressure  in  cylinder  

mated  friction  pressure 

24.1264 
28.2175 
2.5 

39 

1                                       f 
Power 

Ind 
Net 
Tot 

127.918 
117.146 
127.918 

Both. 

26G.547 

Both. 

239.432 

Both. 

304.264 

63.717 
53.0867 
63.717 

Bolb. 

168.652 

Both. 

145.1745 

Both 

197.787 

185.872 
169.680 
204.486 

228.077 
205.348 
261.001 

218.972 
201.472 
240.293 

292. -370 
271.601 
329.038 

124.267 
109.694 
139.602 

161.8)8 
140.015 
181.032 

196.187 
178.794 
221.197 

137.962 
119.340 
100.107 

186.805 
165.030 
216.139 

221.447 
197.915 
268.228 

242.807 
218.137 
283.357 

234.295 

4(1 

210.017 

41 

274.024 

_ 

TABLE  No.  2,  SHOWING  THE  RESULTS  OF  EXPEEIMENTS  WITH  THE  STEAM  MACHINERY  OF  U.  S.  REVENUE  STEAMERS.- CONCLUDED. 


~ 

■■  KCSH." 

-DEXTER.' 

—f 

Style  of  En 

COMPOUND. 

HIGH  PRESSURE,  CONDENSING. 

1  Desipuation   of  Ex-  ( 
i     periments i 

NUMDEE  FOE  EEFEEKSCE 

1 
Long  run.  Rush. 

•i 

3 

B. 

4: 

C. 

5 

Long  run. 
Dexter. 

G 

D. 

7 
G. 

8 

0 

E. 

10 

L. 

11 

K. 

Long  ran, 
Dallas. 

13 

J. 

42 

1 

•3 

Total  weight  feed  water  measured lbs. 

266967. 
231671. 
54.482 
4900.103 
4568.231    1    3604.00 
.9323  1            .7365 

212U5.35 
18942. 

6.69086 
3726.24 
3328.61      1    2857.66 
.8933  1            .7669 

12944.05 
9896.00 
2.919 
4434.373 
3018.794 
.6808 

7831.95 
6493.00 

1.4236 
6601.26 
3932.24 
.7148 

178867. 

126197. 

34.1708 

6234.. we 

3576.088 

.6832 

4477.31 
2762.00 

0.6298 
7108.44 
6420.24 
.7625 

4660.93 
3973.00 

1 .3022 
3679.16 
2341.96 
.6643 

6605.7 
3968.00 

1.1969 
4683.19 
3019.62 
.6448 

6746.62 
3356.00 

.9213 
6235.93 
3988.28 

.6396 

6692.79 
4437. 

1.6191 
3681.74 
2648.88 
.7195 

7829.9 
6310. 

1.6647 
6030.83 
3871.18 
.7087 

183893. 
113769. 

30.8192 
6966.83 
4442.12 
.7446 

11166.02 
6166. 

1.69121 
7017.30 
6148.68 
.7337 

11149.61 

Water  per  hour  per  tank  measurement lbs . 

"               "       indicator  diagrams ■' 

Proportion  of  water  actually  used,  accounted 
for  by  indicator 

46 
47 

1 

J                                                                       I 

5336.16 
.7348 

Coal  and  Refuse . . . . ' 

TotB 
Ave 
Coal 
Perc 
Com 

35700. 
649.091 
11.388 
20.978 
612.925 

23656.6 
686.667 
12.029 
20.291 
646.638 

23623.76 
768.831 
13.313 
20.603 
603.247 

consumed  per  square  foot  of  grate  per  hour....  •' 

51 

6-2 

bustible  per  hour " 

G3 

64 

[  Performance  of  En-  1 

1  ^""' 1 

'<f 

Water  per  indicated  h.  p.  per  hour  by  tanks.  ..lbs. 
•'     by  indicator  •* 

18.3836 

17.138    1       13.621 

20.4656 

16.1052 

22.0943 

19.736    1        16.9436 

26.6673 

18.8397 

23.8572 
16.2278 
26.1337 
21.0850 

24.1202 
17.2408 
26.2406 
21.9178 

23.905 
16.3303 
26.9813 
21.784 

24.3131 
18.6390 
86.1820 
21.6037 

28.802 
18.8462 
32.6284 
26.6383 

28.9356 
18.6564 
32.0734 
26.8694 

31.7864 
20.3290 
34.8786 
28.1924 

26.6866 
19.2000 
30.8508 
22.9956 

26.9603 
20.7230 
30.6176 
23.3014 

26.9447 
20.0695 
30.1484 
23.1069 

28.9007 
21.2048 
32.1693 
24.7649 

30.9932 
22.7763 

66 

total            "              "     " 

26.4996 

Performance  of  En- 
gioeaud  Boiler.. 

J 

a| 

Coal  per  indicated  horse-power  per  hour lbs. 

net                      ■'                   "          '• 

"      total                  •■                  ■■         " 

Combustible  per  indicated  horse-pow'r  per  hour  '■ 
■■  net 
"  total 

2.4352 
2.7110 
3.1334 

1.9243 
2.1423 
1.6858 

3.1313 
3.4033 
2.8634 

3.4267 
3.8341 
2.9386 

2.7241 
3.04SO 
2.3301 

6« 

.W 

60 

HI 

2.7127 
2.2744 

m 

1 

1 

1  Performance      of 
f     Boiler 

I 

6 

Water    evaporated    per    lb    coal    at  observed 
pressure  and  temperature lbs. 

Equivalent  evaporation  from  atmospheric  pres- 
Bureand  temperature.  100^ " 

Equivalent  evaporation  from  atmospheric  pres- 

7.6492 
7.6712 
8.5676 
9.6633 
9.7076 

io.si:o 

7.6342 
7.7789 
8,6878 
9.6776 
9.7691 
10.8994 

7.8632 
7.8468 
8.7625 
9.8912 
9.8693 
11.0226 

64 

65 

66 

Water  evaporated  per  lb.  combustible  at  ob- 

67 

Equivalent  evaporation  from  atmospheric  pres- 
sure and  temperature,  100^ •' 

Equivalent  evaporation  from  atmospheric  pres- 
sure and  temperature.  212° " 

69 

Calculated  maxim- 
um performances 
based    on     water 
actually  uaed   in 
the  different  en- 
gines, but  calcu-' 
lated  for  boilers  of 
different    propor- 
tions uping  differ- 
ent hinds  of  fuel. 

Coal 

of 

ta 
Coal 

Bl 

th 
lb 

per  indicated  horse-power  per  hour,  with  boil- 
proportioned  to  evaporate  9  lbs.  water  per  lb. 
coal,  at    pressure  and  temperature  actually 

ed  (probably  the  maximum  which  can  be  ob- 

2.0426 
1.8384 

2.0,56 

2.3906 

67.12 
3.489 

2.9994 
2.694 

70 

per  indicated  horse-power  per  hour,   using 
w  combustion   in  best  land  boilers,  or  best 
Blch  coal  in  marine  boilers,  so  proportioned 
at  there  will  be  evaporated  10  lbs.  of  water  per 
of  coal  at  pressure  and  temperature  actually 
iployed 

66.42 
2.7239 

71 
72 

1  14|Steamandexpan-  l 
(  17|     siou  (repeated).  ( 

1  Eflative     perform- 

""- 1 

Average  steam  pressure  in  boiler 

Ratio  of  expansion 

69.06 
6.2167 

36.731 
4.0301 

68.70 
4.4673 

69.286 
3.6688 

40.626 
3.3377 

39.9 
2.4232 

41.875 
2.0846 

35.40 
6.0074 

35.286 
3.8936 

31.96 
3.1341 

33.7 
2.9368 

27.40 
2.3170 

74 
76 

77 
78 
79 
80 

By  comparison  of  water  used  per  tank  measurement  J 

1. 
.7690 
.7700 
.6823 
.8320 
.6889 
.6383 

1.2018 
.9243 
.9261 
.8200 

1. 
.8279 
.7071 

1.2977 
.9980 

1. 
.8856 

1.0798 
.8940 
.8283 

1.3120 
1.0090 
1.0110 
.8962 
1.0917 
.9038 
.8374 

1.3003 

1. 

1.0020 
.8872 

1.0819 
.8968 
.8300 

1.3226 
1.0171 
1.0191 
.9023 
1.1004 
.9110 
.8441 

1.6667 
1.2048 
1.2073 
1.0689 
1.3036 
1.0793 
1, 

1.6739 
1.2104 
1.2129 
1.0739 
1.3096 
1.0843 
1,0046 

1.7291 
1.3297 
1.3324 
1.1797 
1.4387 
1.1911 
1.1037 

1.4616 
1.1164 
1.1186 

.9904 
1.2078 
1. 

.9266 

1.4666 
1.1278 
1.1301 
1.0006 
1.2202 
1.0102 
.9360 

1.4657 
1.1272 
1.1294 
1. 

1.2196 
1.0097 
.9355 

1.6721 
1.2090 
1.2114 
1.0726 
1.3081 
1.0805 
1.0034 

1.6860 
1.2965 
1.2991 
1.1603 
1.4028 
1.1614 
1 .0761 

377 

"The  relative  performances  shown  decimally  in  lines  73  to  80,  in- 
clusive, with  different  experiments  as  unity,  will  be  found  convenient  for 
comparison." 

Annexed  will  be  found  specimens  of  the  indicator  diagrams  taken 
during  the  princii^al  runs  of  both  series  of  trials. 

Discussion  of  the  Results. — The  foregoing  statement  necessarily 
involves  so  many  details  that  we  add,  as  convenient  for  reference  from 
time  to  time  as  we  proceed  with  the  discussion,  a  recapitulation  of  the 
distinguishing  features  of  the  engines  tested,  and  of  the  general  scope  of 
the  two  series  of  investigations. 

1.  The  Coast  Survey  steamer  Bache  was  provided  with  a  com- 
pound engine  of  the  steepled  type  (that  is,  the  small  cylinder  was  arranged 
above  the  other,  and  the  pistons  had  a  common  rod).  The  larger  cylinder 
was  steam  jacketed,  and  so  arranged  that  it  could  be  operated  indeiaen- 
dently,  using  steam  of  the  same  pressure  and  with  the  same  degree  of 
expansion  as  when  both  cylinders  were  working  together  as  a  compound 
engine.  Trials  were  made  of  the  two  systems  of  working,  both  with  the 
steam-jacket  in  use  and  when  same  was  disconnected,  and  the  amount 
of  water  collected  from  the  jackets  and  intermediate  chamber  was 
separately  weighed  and  noted.  All  the  experiments,  except  one,  were 
made  with  an  approximate  steam  pressure  of  80  pounds,  and  with  differ- 
ent degrees  of  expansion  for  each  system  of  working,  with  and  without 
use  of  jacket.  The  indicated  power  was  measured,  also  the  cost  of  the 
same  in  steam  (shown  by  the  weight  of  feed-water  used).  The  evapora- 
tive efficiency  of  the  boiler  was  also  determined. 

2.  One  of  the  revenue  steamers,  the  Eush,  was  provided  with  a 
compound  engine,  constructed  on  the  "fore  and  aft"  system  (that  is,  the 
cylinders  were  at  the  same  level,  and  in  this  case  the  pistons  were  con- 
nected to  cranks  at  right  angles).  Both  cylinders  were  steam- jacketed. 
The  other  two  revenue  steamers,  viz.,  the  Dexter  and  Dallas,  had 
non-compound  engines,  with  unjacketed  cylinders.  The  comi^ound 
engine  of  the  Rush  was  operated  in  two  different  runs  at  the  apjjrox- 
imate  steam  pressure  of  70  and  40  j^ounds.  The  single  engine  of  the 
Dexter  was  operated  with  the  same  steam  pressures  and  at  different 
degrees  of  expansion  for  each  pressure.  The  engine  of  the  Dallas 
was  operated  at  an  approximate  steam  pressure  of  35  pounds,  and  at 
different  degrees  of  expansion.  The  boilers  were  all  substantially 
similar.  The  performance  was  obtained  by  measuring  the  indicated 
power  and  its  cost  in  steam,   as  shown   by  the  weight  of  feed-water 
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used.      Tho  evaporative  efficiency  of  the  boilers  was  also  ascertained 
during  the  longer  experiments. 

From  the  two  series  of  experiments  may  be  gathered  the  following 
information,  viz.  : 

1.  The  saving  by  the  nae  of  a  steam-jacket  on  the  cylinder  of  a  non- 
comiiound  engine,  and  the  larger  cylinder  of  a  compound  engine. 

2.  The  relative  saving  that  may  be  obtained  by  the  use  of  a  compound 
engine,  as  compared  with  a  single  engine,  operated  at  the  same  or  a 
different  steam  pressure,  or  at  the  same  or  a  different  degree  of  ex- 
pansion. 

3.  The  probable  value  of  a  steam  jacket  on  the  smaller  or  high-pres- 
sure cylinder  of  a  compound  engine. 

4.  The  influence  which  the  size  of  a  steam  cylinder  has  upon  the 
economy  of  fuel. 

5.  The  relative  cost  of  the  power,  at  difierent  steam  pressures,  in 
compound  and  non-compound  engines. 

6.  The  most  economical  point  of  cut-ofT  for  the  steam  pressiire  em- 
ployed. * 

1.  The  Advantages  of  the  Steam  Jacket — (1  A).  Keferring  to 
Table  No.  1,  and  comparing  the  minimum  costs  for  each  method  of  work- 
ing, we  find  that  the  single  cylinder  of  the  Baclie  when  operated  without 
the  steam  jacket  required  (Exp.  13,  line  46),  26.2-17  pounds  of  feed  water 
per  indicated  horse-power  per  hour,  and  that  with  steam-jacket  in  use 
there  was  required  (Exp.  16,  line  46)  but  23.154  pounds,  showing  that  the 
saving  by  the  use  of  the  steam-jacket  on  a  single  cylinder  engine  worked 
at  its  most  economical  point  of  cut-off  is  11.78  per  cent.  With  more 
expansion,  as  shown  by  comparing  the  previous  experiments  for  each 
method  of  working  the  jacket  prodiices  a  greater  saving,  but  the  steam  is 
in  all  cases  being  cut  off  too  short  for  maximum  economy,  as  will  be  dis- 
cussed hereafter. 

(1  B. )  When  the  engine  of  the  Bache  was  operated  as  a  compound  en- 
gine, with  steam-jacket  not  in  use,  experiment  2  shows  a  cost  of  23.036 
pounds  of  water  per  I.  H,  P.  per  hour,  and  experiment  6  with  steam- 
jacket  in  operation,  a  cost  of  20.332  pounds.  The  saving  in  steam  by  the 
use  of  the  jacket  on  the  larger  cylinder  of  a  compound  engine  is  then 
shown  to  be  11.73  per  cent. 


*  The  above  subjects  are  discussed  in  the  order  named,  and  paragraphs  to  which  it  may  be 
desirable  to  refer,  are  designated  by  letters  afilxed  to  the  numbers  referring  to  tho  subjects. 
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2.  SA^^NG  BY  USE  OF  Compound  Engine.— (2  A).  The  minimum  cost  of 
the  power  with  the  single  cylinder  of  the  Bache  and  steam-jacket  in  use, 
experiment  16,  is  23.154  pounds,  and  with  engine  compounded  and  steam- 
jacket  on  large  cylinder  in  use,  experiment  G,  it  is  20.332  pounds,  so  the 
compound  engine  was  operated  with  a  saving  of  12.19  per  cent,  in  this 
case,  as  compared  with  the  single  engine, 

(2  B.)  The  above  experiments  were  made  at  the  same  steam  pressure, 
but  with  a  less  degree  of  expansion  in  the  single  engine,  the  steam  being 
expanded  nearly  seven  times  (6.975)  in  the  compound  engine,  and  but 
little  more  than  five  (5.11)  times  in  the  single  engine.  With  the  steam 
expanded  eight  and  one-half  times  (8.57)  in  the  single  engine  (Exp.  15), 
the  cost  is  24.088  pounds,  using  the  same  steam  pressure,  so  the  compound 
engine  shows  a  saving  com^Dared  therewith  of  15. 6  per  cent.  The  diflfer- 
ence  increases  as  the  expansion  is  increased  in  the  single  engine. 

(2  C. )  The  minimum  cost  of  the  power  with  the  single  cylinder  and 
steam-jacket  not  in  use,  experiment  13,  is  26.247  pounds,  and  with  en- 
gine compounded,  without  steam-jacket,  exj)eriment  2,  it  is  23.036 
pounds,  so  without  using  steam-jackets  in  either  case,  the  compound  en- 
gine operated  with  a  saving  of  12.23  per  cent,  as  compared  with  the 
single  engine. 

(2  D. )  With  steam-jacket  in  use  on  larger  cylinder  of  compound  en- 
gine, experiment  6,  and  not  in  use  on  single  engine,  experiment  13, 
the  costs  as  before  stated,  were  resjaectively  20.332  and  26.247  pounds, 
showing  a  saving  by  the  use  of  the  former  under  conditions  stated  of 
22 .54  per  cent . 

(2  E .)  In  the  experiments  with  the  revenue  steamers  it  will  be  seen 
(Table  No.  2,  line  76,  Exp.  1  and  3)  that  the  relative  costs  of  the  power 
in  the  compound  engine  of  the  Rush  with  both  cylinders  jacketed, 
and  in  the  single  engine  of  the  Dexter,  with  un-jacketed  cylinder, 
were  as  0.7706  to  1,  corresponding  to  a  saving  by  the  use  of  the  com- 
pound engine  with  both  cylinders  jacketed,  as  compared  with  an  engine 
with  single  un-jacketed  cylinder,  of  22.94  per  cent.,  or  practically  the 
same  as  shown  on  the  Bache  with  only  the  larger  cylinder  of  the  com- 
pound engine  jacketed . 

(2F.)  Assuming  that  a  steam-jacket  on  the  single  cylinder  of  the 
Dexter  would  have  reduced  the  cost  in  the  same  proportion  that  it  did 
in  the  Bache,  viz.,  11.78  per  cent.,  the  cost  of  the  power  in  the  single 
cylinder  engine  which  was  29.77  per  cent,  greater  than  in  the  compound 
engine  (Table  No.  2,  line  74,  Exp.  1  and  3)  would  have  been  reduced 
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(12.977  X  11  •'^8=)  15.29  per  cent.,  and  tlie  relative  costs  would  have 
been  as  1  to  1.1448,  equivalent  to  a  saving  of  (1.1448 — 1  X  100-;- 
1.1448=)  12.65  per  cent.,  by  the  use  of  the  compound  engine  with  jack- 
eted cylinder,  as  compared  with  the  single  engine  with  jacketed  cylinder. 

As  above  stated  (2  A),  the  experiment  with  the  Bache  sliowed  a 
saving  of  12.19  per  cent,  under  similar  conditions. 

The  experiments  do  not  furnish  conclusive  information  as  to  what  the 
relative  performances  of  compound  and  non-compound  engines  of  larger 
sizes  would  be.  It  seems  probable,  however,  that  in  such  case  the  com- 
pound engine  would  show  still  greater  advantages. 

In  the  revenue  experiments  above  cited  (2  E),  the  saving  of  22.94 
per  cent,  was  reduced  to  12.65  per  cent.  (2  F),  by  assuming  that  a  steam- 
jacket  on  the  cylinder  of  a  single  engine  would  save  as  much  as  it  did  on 
the  Bache,  which  is  not  probable,  for  the  reason  that  the  cylinder  of  the 
Dexter  was  larger  than  that  of  the  Bache,  and  it  is  an  evident  fact  that 
the  ratio  of  capacity  to  jacket  surface  decreases  as  the  size  of  the  cylinder 
is  increased.* 

This  reasoning  does  not  apply  to  the  experiments  made  on  the 
Bache  with  the  same  engine  operated  on  both  systems,  but  in  that 
case  the  comjjound  engine  was  not  constructed  for  maximum  economy, 
while  the  cylinder  used  for  the  single  engine  was  probably  as  good  as 
could  be  made.  The  latter  was  thoroughly  steam-jacketed  at  sides  and 
in  bottom  and  cover.  It  also  had  large  cylinder  ports,  and  the  minimum 
amount  of  space  in  clearances  and  passages.  Tight  pistons  were  used  in 
all  cases  .f 

When  the  engine  of  the  Bache  was  used  as  a  compound  engine,  the 
upper  cylinder,  though  well  felted  and  lagged,  was  necessarily  exposed  to 
more  refrigerating  influence  than  in  compound  engines  on  the  "fore 


*  To  settle  the  question  as  to  the  economy  of  the  steam-jacket  on  a  single  engine  of  prac- 
tically the  same  size  as  the  compound  engine  of  the  Rush,  arrangements  are  being  made 
for  a  series  of  trials  on  a  revenue  steamer  recently  completed,  the  "Gallatin,"  which  has 
machinery  adapted  for  the  purpose. 

t  It  will  be  interesting  to  add  that  the  direct  steam  connection  forlarge  cylinder  of  the  Bache 
was  originally  designed  by  the  writer  as  an  auxiliary  arrangement  to  be  used  in  case  of 
accident  to  the  other  cylinder,  and  the  drawing  provided  thei'efor,  a  pipe  of  the  same  size  as 
that  for  the  upper  cylinder.  The  contractors,  Messrs.  Pusey,  Jones  Ai  Co.,  of  Wilmington, 
Del.,  voluntarily  increased  the  size  of  this  pipe  so  that  the  two  systems  could  be  fairly  tested 
in  the  same  apparatus,  though  the  duties  of  the  vessel  were  such  that  it  was  not  convenient  to 
make  the  trial  till  about  3A  years  after.  This  same  firm,  shortly  after  the  construction  of  the 
Bache,  built  also  the  first  of  the  long  stroke  high-pressure  engines  which  revived  the  in- 
terest in  that  system,  and  I  observe  that  they  applied  the  steam-jacket  to  the  cylinder  and  con- 
nected the  cylinder  to  frames,  through  legs  cast  on  former  to  hinder  the  transmission  of  heat 
to  latter,  the  same  as  was  provided  for  in  drawings  furnished  for  the  engine  of  the  Bache. 
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and  aft "  system.  The  omission  of  the  steam-jacket  on  the  small  cylin- 
der may  also  have  occasioned  some  slight  loss,  which  subject  is  discussed 
hereafter.  These  disadvantages  were  considered  in  the  first  instance  as 
of  less  consequence  than  the  saving  of  space,  &c.,  accomplished  by 
adopting  the  system  in  that  particular  location,  but  in  making  a  com- 
parison of  compound  and  non-compound  engines,  it  is  proper  that  they 
should  be  considered. 

Both  series  of  experiments  appear  to  show  then  that  the  compound 
engines  were  at  least  not  tried  at  any  advantage  as  com^jared  with  the 
single  engines ;  on  the  contrary,  the  indications  are  that  still  greater 
comjiarative  economy  would  be  shown  by  the  compound  system  in  larger 
engines. 

3.  Value  of  Small  Cxlindee  Jacket.  — These  experiments  appear 
also  to  corroborate  the  views  held  by  the  writer  at  the  time  (1870),  the 
engine  of  the  Bache  was  constructed,  viz. :  that  the  steam-jacket  on  the 
smaller  or  high  pressure  cylinder  of  a  compound  engine,  working  with 
the  ordinary  degree  of  expansion,  was,  contrary  to  the  views  of  Rankine 
on  the  subject,*  of  comparatively  little  value. 

(3  A.)  The  experiments  with  the  compound  engine  of  the  Rush, 
where  both  cylinders  were  jacketed,  compared  with  the  single  engine  of 
the  Dexter  with  un-jacketed  cylinder,  showed  a  saving  (see  2  E)  of  22.94 
per  cent.,  and  in  experiments  on  the  Bache,  the  compound  engine  with 
jacket  on  large  cylinder  showed  a  saving,  compared  with  a  single  cylin- 
der used  without  jacket  (see  2  D)  of  22.54  per  cent.,  so  the  additional 
jacket  on  the  small  cylinder  of  the  Rush  did  not  sensibly  affect  the  com- 
parison on  this  basis. 

(3  B.)  On  the  Bache  we  find  that  the  saving  by  the  use  of  a  com- 
pound engine  with  large  cylinder  jacketed,  as  compared  with  a  single 
cylinder  used  with  jacket,  is  (see  2  A.)  12.19  per  cent.,  and  by  indirectly 
comparing  the  jjerformance  of  the  Bache  and  the  revenue  steamers,  the 
compound  engine  of  the  Rush  with  both  cylinders  jacketed,  shows  a  sav- 
ing (see  2  F)  of  12.65  per  cent.  The  saving  by  the  jacket  on  the  small 
cylinder  could  not  then  be  more  than  (12.65-12.19=)  0.46  per  cent.  It 
is  probable,  however,  that  in  compound  engines  constructed  on  the 
"fore  and  aft"  system,  the  steam-jackets  on  both  cylinders  heat  the  in- 
termediate steam  as  it  passes  from  one  cylinder  to  the  other,  and  thereby 
reduce  the  cost  of  the  power. 

*  Rankiue  on  "The  Steam  Engine,"  Art.  286. 
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(3  C.)  The  opinion  as  to  tlie  relative  value  of  the  steam-jackets  on  the 
two  cylinders  of  a  compound  engine  was  founded  upon  the  views  of  the 
writer  expressed  in  print  as  early  as  186G-7,  which  were,  in  substance, 
tlmt  the  great  dift'erence  between  the  theoretical  and  practical  iierform- 
ances  of  tlie  steam-engine  could  be  satisfactorily  accounted  for  by  the 
differences  of  temperature  to  which  the  interior  surfaces  of  the  cylinder 
are  iiractically  subjected.  The  metal  of  the  cylinder  is  cooled  by  the 
exhaust  steam  and  must  be  reheated  during  the  next  stroke,  which  causes 
condensation  of  part  of  the  incoming  steam;  the  resulting  water  is  re- 
evaporated,  i:)artially  during  the  expansive  portion  of  the  steam  stroke, 
but  mostly  during  the  next  exhaust  stroke,  thereby  cooling  the  cylinder 
again,  and  the  result  is  to  transfer  heat  (by  the  alternate  condensation 
and  re-evaporation  described)  directly  to  waste  in  the  atmosphere  or 
condenser.* 

A  full  discussion  of  this  branch  of  the  subject  would  occupy  too  much 
space  in  this  paper.  It  was  considered  that  the  range  of  temperature  in 
the  smaller  cylinder  of  a  compound  engine  is  generally  less  than  in  the 
large  cylinder  and,  moreover,  that  any  heat  transferred  (so  to  speak) 
past  the  pistons  of  the  smaller  engine  would  do  useful  work  in  the  second 
cylinder.  These  views  are  apparently  sustained  by  the  experiments,  but 
it  should  not  be  assumed  that  the  jacket  is  of  less  value  simply  because 
high-pressure  steam  is  used  in  the  small  cylinder,  and  that,  therefore,  a 
jacket  is  unnecessary  on  a  high-j)ressure  condensing  engine.  Quite  the 
contrary  is  true,  for  in  such  case  the  interior  surfaces  of  the  cylinder  are 


*  It  had  previously  been  suggested  that  a  portion  of  the  loss  could  be  accounted  forin  the 
manner  indicated.  The  writer,  after  rc^ading  the  account  of  Tyudall's  experiments,  showing 
the  facility  with  which  aqueous  vapor  radiated  and  absorbed  radiant  heat,  and  finding  by  cal- 
culation that  it  was  necessary  to  heat  and  cool  the  metal  of  a  cylinder  during  each  stroke,  but 
a  very  small  distance  below  the  surface  to  occasion  all  the  loss  observed,  became  convinced 
that  nearly  all  the  loss  could  be  accounted  for  in  this  way,  and  it  occurred  to  him  that  if  the 
interior  walls  of  the  cylinder  were  made  of  non-conducting  material,  the  loss  would  be  greatly 
reduced.  Accordingly  experiments  were  made  by  the  writer  in  186(5,  which  have  been  re- 
ferred to  in  several  publications.  The  following  brief  description  appeared  in  an  article  on 
Compound  Kngines  in  the  American  Artizan  of  March  8th,  1871. 

"  The  nature  of  the  loss  was  proved  in  the  following  manner:  I  constructed  two  cylinders 
of  like  dimeusions,  one  of  glass,  the  other  of  iron,  in  such  a  manner  that  either  could  be  at- 
tached to  a  valve  which  regularly  admitted  steam  from  a  boiler  to  the  cylinder  and  permitted 
its  exhaust  into  a  condensing  coil  lying  in  a  tub  of  water." 

"  The  capacities  of  the  two  cylinders  were  made  exactly  the  same,  as  was  shown  by  transfer, 
ring  water  from  one  to  the  other.  When  put  in  turn  in  the  condition  of  a  steam-engine  cylin- 
der, the  iron  cylinder  used  (averaging  the  experiments)  fully  twice  as  m^ich  steam  as  the  glass 
one,  shown  by  the  fact  that  twice  the  quantity  of  water  came  through  the  condensing  coil  for 
the  same  number  of  movements  of  the  valve.  Steam  of  the  same  pressure  was  used  in  both 
cylinders,  and  the  experiments  were  many  times  repeated  with  Bubstantially  the  same 
results." 
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exposed  to  a  variation  of  temperature  equal  to  that  in  both  the  cylin- 
ders of  a  compound  engine,  and  the  jacket  becomes  of  the  gi-eatcst  im- 
portance. 

(3D.)  It  is  proT)ablo  tliatthesteam-jackcit  produces  economy  by  dry- 
ing and  superheating  the  steam  near  the  heated  surfaces.  If  this  be 
done  promptly  the  heat  imparted  to  the  steam  assists  in  performing  use- 
ful work  during  the  expansive  portion  of  the  stroke.  Even  during  the 
exhaust  stroke  the  dry  steam  near  the  surfaces  of  the  cylinder  will  absorb 
very  little  heat  compared  to  that  required  to  evaporate  particles  of  water 
which  are  always  present  when  no  jacket  is  used.  The  dry  steam  can 
only  absorb  heat  at  a  rate  proportioned  to  its  specific  heat,  which  is  less 
than  half  that  of  water.  The  watery  j^ar tides  will  take  up  both  sensible 
and  latent  heat,  or,  for  equal  weights  under  actual  pressures  used,  al)0ut 
two  thousand  times  as  many  heat  units  as  the  dry  steam.  Could  the 
steam  in  a  cylinder  be  discharged  simply  saturated  or  slightly  super- 
heated, either  by  previous  superheating  or  the  use  of  eflScient  steam- 
jackets,  the  loss  would  be  very  small.  At  high  expansions  this  is  im- 
practicable. Some  water  is  always  present  and  in  its  evaporation  cools 
the  metal  surfaces  somewhat,  and  it  is  always  better  to  resupply  the  heat 
from  the  steam-jacket  than  by  condensation  of  incoming  steam,  as  in  the 
latter  case  the  resiilting  water  of  condensation  remains  in  the  cylinder 
and  causes  increased  losses  in  manner  previously  indicated. 

From  these  considerations  it  may  be  inferred  that  steam-jacketed  cyl- 
inders would  be  most  efficient  of  comparatively  small  diameter  and  long 
stroke,  to  obtain  as  much  surface  in  proportion  to  volume  as  possible, 
and  that  for  unjacketed  cylinders  the  surface  in  relation  to  volume  should 
be  reduced  as  much  as  possible. 

4.  Economy  of  Steam  as  Influenced  by  the  Size  of  the  Cylin- 
der.— It  is  a  well  known  fact  that  large  engines  are  more  economical  per 
unit  of  power  furnished  than  small  ones.  It  is  related  that  Watt  was  led 
to  his  invention  of  a  separate  condenser  by  observing  the  excessive 
quantity  of  steam  required  to  operate  a  small  model  engine  as  compared 
with  that  found  sufficient  for  engines  of  practical  sizes — the  vacuum 
being  produced  in  both  by  admitting  the  condensing  water  directly  into 
the  steam  cylinder.  We  have  previously  called  attention  to  the  fact  that 
Watt,  in  i^roducing  condensation  in  a  separate  vessel,  only  partially  over- 
came the  difficulty  ;  steam  chilled  by  the  performance  of  work  being 
such  an  excellent  radiator  and  absorbent  of  radiant  heat  as  to  cool  the 
interior  surfaces  of  a  cylinder,  upon  reduction  of  pressure  by  condensa- 
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tiou,  even  in  a  separate  vessel,  to  a  very  material  degree,  if  not  to  the 
same  extent  as  if  the  water  were  directly  admitted  to  the  cylinder.* 

The  manner  in  which  the  loss  takes  place  was  discussed  under  the  pre- 
vious heading,  and  it  is  evident  that  the  amount  of  heat  transferred  to 
waste  in  an  unjacketed  cylind(>r  will,  for  a  given  range  of  temi)erature, 
vary  as  the  amount  of  metal  surface  and  inversely  as  the  volume  of  steam 
exposed  to  the  same.  As  the  size  of  the  cylinder  is  increased  the  volume 
increases  in  a  more  rapid  ratio  than  the  enclosing  surfaces,  hence  the  loss, 
relative  to  the  unit  of  volume  and  power,  decreases  as  the  size  of  the  cyl- 
inder is  increased.! 

(4  A.)  The  minimum  cost  of  the  power,  using  a  single  engine  without 
a  steam-jacket,  was  on  the  Bache  (Table  No.  1,  Exp.  13,  line  46),  26.247 
pounds  of  feed-water  j^er  horse-power  per  hour,  and  on  the  Dexter  (Table 
No.  2,  Exp.  3,  line  53)  it  was  23.857.  Again,  on  the  Bache,  using  com- 
pound engine  and  jacket  on  the  larger  cylinder,  the  cost  was  (Table  No. 
1,  Exp.  6,  line  46)  20.332  pounds,  and  on  the  Kush  (Table  No.  2,  Exp.  1, 
line  53)  it  was  18.384  pounds.  The  engine  of  the  Bache  was  smaller  than 
that  of  either  of  the  other  steamers,  and,  as  shown,  the  cost  was  in  both 
cases  considerably  more.  We  have  already  pointed  out  that  the  relative 
performances  for  different  methods  of  working  in  one  series  correspond 
well  with  those  shown  by  the  other,  such,  for  instance,  as  the  saving  of 
the  use  of  the  steam-jacket  and  the  relative  economy  due  to  a  compound 
engine,  but  we  now  find  that  the  actual  cost  shown  in  one  series  cannot 
be  directly  compared  with  those  obtained  in  the  other. 

It  may  be  accepted  as  a  general  fact  that  an  experiment  made  with  one 
engine  cannot  be  used  directly  as  a  basis  of  comparison  except  for  engines 
of  similar  size  operated  under  simih^r  conditions.  The  want  of  general 
information  on  this  subject  has  often  caiised  great  misapprehension. 
Engineers  have  again  and  again  made  improper  comparisons  and  often 
have  conscientiously  drawn  directly  opposite  conclusions  from  the  same 
data,  when  neither  side  had  access  to  information  sufficiently  complete  to 
refute  the  arguments  of  the  other. 

(4B.)  Referring  to  the  experiments  under  discussion  we  find  that 
the  minimum   cost  of  the  power  with   the  jacketed-cylinder    of  the 


*  The  subject  was  treated  in  this  manner  in  a  lecture  delivered  at  Sheffield  Scientific 
School  in  the  winter  of  1870-71,  which  never  having  been  completely  written  out, was  not  pub- 
lished.   See  reference  to  Tyndall  experiments  with  radiant  heat  in  preceding  foot-note. 

t  This  statement  has  been  demonstrated  by  numerous  experiments,  particularly  those 
referred  to  in  the  foot-note  on  the  first  page  of  the  discussion,  and  may  be  confirmed  by 
comparing  the  results  of  similar  experiments  in  the  two  series  herein  discussed. 
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Baclie,  non-compound  (Table  No.  1,  Exp.  16,  line  4G),  was  23.15  pounds 
of  water  per  horse-power  per  hour,  and  that  with  the  unjacketed 
cylinder  of  the  Dexter  (Table  No.  2,  Exp.  3,  line  53)  it  was  but  23.86 
pounds.  Had  there  been  but  these  two  experiments  to  compare,  many 
would  naturally  have  held  that  there  was  little  or  no  economy  in  the 
steam-jacket,  and  it  is  only  by  having  the  extended  series  of  exiieriments 
on  the  Bache  with  and  without  the  use  of  jackets  on  the  same  cylin- 
der, that  we  are  enabled  to  prove  that  there  is  economy  in  the  use  of  the 
jacket ;  and  by  comparing  experiments  with  engines  of  difterent  sizes 
to  show  further  that  the  actual  performances  of  different  engines  are  not 
directly  comparable,  while  the  relative  performances  for  each  engine, 
operated  under  different  conditions,  are  properly  comparable  with  similar 
relative  performances  of  other  engines. 

(4  0. )  It  should  be  here  observed  that  in  the  above  comparison  of 
the  results  of  experiments  with  the  steamer  Bache  and  of  the  revenue 
steamers,  the  former  shows  more  inferiority  than  can  be  attributed  sim- 
ply to  the  difference  in  size,  and  we  are  of  the  opinion  that  it  was  due 
somewhat  to  the  quality  of  the  steam  furnished  by  the  boilers.  The 
boiler  of  the  Bache  was  constructed  to  give  a  high  evaporation,  and 
the  combustion  was  so  slow  that  the  steam  in  the  steam-chimney  received 
practically  little  heat  from  the  escaping  gases.  On  the  revenue  steamers, 
the  boilers  were  made  to  develop  the  maximum  jsower  for  a  given  space 
— the  tubes  were  shorter,  the  draft  freer,  and  the  experiments  being  tried 
at  maximum  power,  the  gases  passed  through  the  steam  chimney  at  a 
higher  temperature  than  on  the  Bache,  so  that  the  steam  was  more 
thoroughly  dried.  It  appears  incidentally,  then,  that  a  boiler  with  a  less 
evaporative  power  than  another,  may,  within  certain  limits,  furnish  steam 
of  a  better  quality,  and  thereby  produce  increased  economy  in  the  engine. 
This  is  not  fully  demonstrated  by  these  experiments,  as  both  the  size  of 
the  engines  and  the  i^roijortions  of  the  boilers  are  different  in  the  two 
series,  but  that  there  is  some  such  compensation  appears  probable.  * 

In  these  experiments,  however,  the  higher  evaporation  in  the  boiler  of 
the  Bache  more  than  compensated  for  the  loss  of  efficiency  in  the  engine, 
the  best  results  with  the  compound  engine  of  the  Bache  and  that  of  the 
Rush  being  as  follows  : 

*  It  is  to  be  regretted  that  the  quality  of  the  steam  was  not  tested  in  all  the  experimenf  s  by 
means  of  a  calorimeter.  The  writer,  previous  to  the  trial  of  the  Bache,  develoiied  and  put 
in  practice  a  very  simple  apparatus  for  the  purijose,  but  it  was  thought  that  there  was  so  much 
to  be  done  in  a  limited  time,  that  the  solution  of  the  more  important  problems  could  only  be 
attempted. 
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Water  actually  used  per  I.H.P.,  per  hour. . . 
Water  actually  evaporated  per  pd.  of  coal. . 
Coal  cousumed  per  I.H.P.,  per  hour 


Bache. 


Table  No.  1,  Exp.  6. 


(line  46) 
(Hue  53) 
(line  49) 


20.332 
9.131 
2.227 


Table  No.  2,  Exp.  1. 


(line  53) 
(line  G3) 
(line  57) 


18.384 
7.549 
2.435 


The  presentation  shows  that  while  there  may  be  an  interesting  subject 
(which  we  shall  investigate  further)  as  to  the  compensation  attainable  in 
the  engine  by  utilizing  the  waste  heat  of  a  boiler  with  low  evaporative 
power,  the  higher  evaporation  will  probably,  as  in  this  case,  prove  the 
better  practically.  Referring  to  Table  2,  Exp.  1,  line  70,  it  will  be  seen 
that  with  an  evaporation  of  ten  pounds  of  water  per  pound  of  coal  (a 
result  attainable  under  the  conditions  named),  one  horse-power  would 
have  cost  but  1.838  pounds  of  coal  per  hour. 

5.  Economy  of  Steam  as  Influenced  by  the  Steam  Pressures 
EMPLOYED. — ^The  investigations  with  which  we  have  been  associated  show 
invariably  that,  other  things  being  equal,  the  higher  the  steam  pressure 
the  greater  the  economy.  The  saving,  however,  decreases  rapidly,  using 
ordinary  engines,  after  a  pressure  of  eighty  pounds  per  square  inch  is 
reached,  so  much  in  fact  that  it  is  doubtful  if  pressures  in  excess  of  one 
hundred  pounds  would  give  a  sufficient  economy  of  fuel  to  counter- 
balance the  extra  expense  in  constructing  and  maintaining  the  boilers. 
We  have  little  information  as  to  what  can  be  done  at  jsressures  above  one 
hundred  pounds,  with  engines  particularly  designed  for  the  purpose, 
and  it  is  jDrobable  that  a  saving  of  space  occupied  by  the  machinery 
might  in  some  cases  warrant  the  use  of  very  high  pressures  even  with 
ordinary  engines.  Within  the  limits  of  common  practice,  the  saving  by 
the  use  of  the  higher  jiressures  is  very  important,  and  some  valuable  in- 
formation on  the  subject  may  be  obtained  from  the  experiments  under 
discussion.  We  first  examine  the  results  due  to  using  different  steam 
pressures  in  the  same  cylinder. 

(5  A. )  With  the  non-compound  engine  of  the  Dexter,  we  find  (Table 
No.  2.,  line  76),  comparing  ex2Jeriments  3  and  7,  which  show  the  mini- 
mum cost  at  the  approximate  steam  pressures  respectively  of  70  and 
40  pounds,  that  the  power  at  latter  pressure  cost  20.73  per  cent,  more  than 
at  the  former.  This  is  at  about  the  same  degree  of  expansion,  and  there- 
fore doing  less  work,  with  the  less  pressure.     Were  it  necessary  to  do  the 
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same  work,  in  the  same  cylinder,  as  is  the  case  in  practice,  comparing 
runs  3  and  9,  we  find  the  power  would  cost  33.24  per  cent.  more. 

(5  B.)  Experiments  13  and  17  on  the  Bache  (Table  1),  made  at  the 
steam  pressures  of  78  and  31  pounds,  respectively,  show  a  cost  for  the 
latter  29.6  per  cent,  greater  than  for  the  former. 

(5  C.)  In  the  case  of  the  compound  engine  of  the  Rush  (experiments 
1  and  2,  Table  2),  made  with  the  steam  pressures  of  69  and  37  pounds, 
respectively,  the  cost  of  the  power  at  latter  pressure  is  20.18  per  cent, 
greater  than  in  the  former. 

(5  D.)  The  results  due  to  working  steam  of  different  pressures  in  en- 
gines properly  pi'oportioned  to  give  the  maximum  economy  for  the  pres- 
sure used,  involves  questions  discussed  in  the  next  title.  Referring, 
however,  to  the  results  shown  above  (5  A)  and  (5  B),  it  may  be  observed 
that  if  the  lower  pressure  of  steam  is  to  be  used,  it  can  better  be  done  in 
a  cylinder  proportioned  as  above  indicated,  and  such  was  very  nearly  the 
case  in  the  DaUas.  Comparing  experiments  11  and  3  (Table  No.  2), 
where  the  power  is  nearly  the  same,  we  find  (line  76)  that  the  power  in 
the  low  pressure  engines  of  the  Dallas  cost  13.01  per  cent,  more  than  in 
the  high  pressure  condensing  engine  of  the  Dexter. 

(5  E.)  Above  are  shown  (5  A),  (5  B)  and  (5  C)  practical  com- 
parisons of  the  results  due  to  reducing  the  steam  pressure  in  the  same 
engine,  which  furnish  a  basis  whereby  we  may  account  for  the  fact 
that  compound  engines  in  practical  use  show  larger  relative  econo- 
mies, comi^ared  with  simple  engines,  than  we  have  ascertained  by 
experiment.  In  high  pressure  condensing  engines,  the  pressure  for 
various  reasons  is  seldom  maintained  regularly  at  the  point  designed. 
This  occurs  from  two  causes,  viz. ,  carelessness  of  the  operating  engineer 
and  the  improper  adaptation,  by  the  designing  engineer,  of  the  size  of 
the  engine  to  the  work  it  has  to  do.  The  latter,  when  true,  as  is  too 
often  the  case,  partially  excuses  the  fault  of  the  former,  which  subject  is 
discussed  in  the  next  title.  It  is  also  true  that  no  matter  for  what 
pressure  the  engine  is  designed,  if  it  be  intended  to  be  operated  with 
considerable  expansion,  the  engineer  soon  finds  that  his  engine  works 
smoother  with  a  lower  pressure  and  less  expansion,  and  naturally  think- 
ing, as  is  too  often  the  case,  that  his  duties  are  sufficiently  arduous, 
lets  his  pressure  fall  or  partially  closes  his  throttle-valve  and  lengthens 
the  cut-off  for  the  most  trivial  excuses,  until  finally,  notwithstanding  his 
education  and  instructions,  he  really  believes  that  it  is  exactly  as  well  to 
work  that  way  all  the  time. 
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The  general  prejudice  against  liigh  pressure  is  in  his  favor,  and  it  is 
not  uncommon  to  have  somebody  on  the  vessel  boast  that  their  engineer 
can  run  with  loss  pressure  than  somebody  else,  which  is  accepted  as  a 
matter  to  be  proud  of  instead  of  being  worthy  of  condemnation.  To  be 
sure,  the  expense  account  for  coal  increases  somewhat,  but  it  is  attributed 
to  the  falling  off  due  to  continued  service.  If  protestations  of  owners 
that  something  is  wrong  are  repeated,  and  direct  orders  given  to  work 
more  expansively,  the  result  generally  proves  a  failure ;  sometimes 
through  lack  of  interest,  and  numerous  complaints  about  leaky  boilers, 
etc. ,  and  at  other  times  trials  are  made  of  higher  pressures  when  the 
engine  really  has  got  out  of  order  and  no  saving  can  be  observed.  It  is 
a  fact  that  if  the  pistons  have  become  leaky,  it  is  as  economical  to  use  a 
lower  steam  pressure  as  a  high  one.  The  true  remedy  in  such  case  is  to 
refit  the  pistons  and  carry  the  pressure  designed.  We  have  of  late,  by 
the  use  of  special  arrangements,  found  no  difficulty  in  keeping  pistons 
continuously  tight  at  any  pressure. 

(5  F.)  With  the  compound  engine,  however,  there  are  fewer  mechan- 
ical difficulties  in  working  high  steam,  and  in  most  cases  it  is  difficult  to 
keep  up  the  speed  with  low  steam.  For  instance,  examining  experiments 
1  and  2  with  the  compound  engine  of  the  steamer  Rush,  it  will  be 
seen  (Table  2,  line  39)  that  the  power  at  the  lower  pressure  is  much 
less  than  with  the  higher  (168.6  to  266.5),  so  the  engineer,  with  an 
engine  of  proper  size,  would  be  obliged  to  increase  the  pressure  to  ob- 
tain sufficient  power  to  propel  his  vessel  at  the  speed  designed.  The  re- 
sult is  that  the  average  pressure  carried  for  compound  engines,  even  by 
careless  engineers,  is  much  higher  than  in  single  cylinder  engines,  and 
increased  economy  due  to  the  steam  pressure  is  obtained,  independent  of 
that  due  to  the  difference  in  engines,  and  we  may  expect  to  find  in  ijrac- 
tice,  as  is  commonly  reported,  that  a  compound  engine  operates  with  a 
saving  of  20  to  25  per  cent,  compared  with  single  engines  using  the  same 
pressure,  and  that  even  more  saving  may  be  obtained  when  the  single 
engine  is  greatly  too  large  for  its  work,  as  hereinafter  discussed. 

6.  The  most  ECONOMicAii  Point  op  Cutt-off  fob  the  Pkessuke  em- 
ployed.— When  it  is  desired  to  obtain  a  given  power,  using  steam  of  a 
given  pressure,  fixing  the  point  of  cut-off  fixes  also  the  mean  pressure  of 
the  cylinder,  and  for  a  given  speed  of  revolution,  the  size  also  of  the 
cylinder  required.  Our  experimental  researches  show  that  the  most 
economical  grade  of  expansion  varies  for  every  steam  pressure,  and  is 
influenced  somewhat  by  other  conditions. 
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The  preceding  tables  have  been  condensed  from  the  general  tables, 
and  show  the  mean  pressures  and  costs  of  the  power  at  different  degrees 
of  expansion  for  the  engines  of  the  several  steamers. 

Referring  to  Table  6  A,  it  will  be  seen  that,  with  the  engine  of  the 
Bache,  operated  non- compound,  iising  an  ai>proximate  steam  pressure 
of  80  pounds,  expanded  5.11  to  12.62  times,  the  higher  grades  of  expan- 
sion were  attended  with  positive  loss,  and  by  reference  to  Table  G  B  it 
will  be  seen  that,  with  the  single  engine  of  the  Dexter,  using  an  ap- 
proximate steam  pressure  of  70  pounds,  expanded  2.72  to  4.46  times, 
there  was  but  little  diflerence  in  economy  between  an  expansion  of  3.49 
times  and  one  of  4.46  times.  We  may,  therefore,  infer  that  an  expansion 
of  five  times,  under  the  conditions  of  these  trials,  using  80  pounds  of 
steam,  in  single  engines,  is  as  much  as  can  be  obtained  economically, 
and  that  the  expansion  should  be  somewhat  reduced  for  a  pressure  of  70 
pounds. 

Referring  to  Table  6  C,  it  will  be  seen  that,  with  the  single  engine  of 
the  Dexter,  using  an  approximate  steam  pressure  of  40  pounds,  ex- 
panded 2.08  to  3.34  times  (the  latter  expansion  is  the  more  economical), 
and  that,  with  the  engine  of  the  Dallas,  using  an  approximate  steam 
pressure  of  35  pounds,  expanded  2.94  to  5.07  times,  no  loss,  biit  rather 
a  slight  gain  in  cost  of  indicated  power,  is  shown  at  an  expansion  of 
5.07  times  as  compared  with  that  at  3.89  times — this  engine  ojierat- 
ing,  as  before  stated,  very  economically  at  the  pressure  used.  The  re- 
sults at  the  two  expansions  last  named  are,  however,  so  nearly  identical, 
that  the  cost  for  the  net  power  (see  Table  No.  2)  is  least  for  the  least 
expansion  ;  considering  the  experiments  on  the  Dexter  and  Dallas  to- 
gether, we  may  conclude  that  an  expansion  of  3J  to  4  times  is  the  most 
economical  degree  for  steam  jDressures  of  35  to  40  ijounds. 

Referring  to  Table  6  D,  it  will  be  seen  that,  even  with  the  compound 
engine  of  the  Bache  operated  with  an  approximate  steam  pressure  of 
80  pounds,  expanded  4.24  to  16.85  times,  a  loss  resulted  at  the  extreme 
degree  of  expansion,  and  that  an  expansion  of  6  to  7  times  appeared  to 
give  the  best  results  under  the  conditions  of  the  trials. 

It  is  not  practicable,  with  the  information  available  (many  experi- 
ments not  having  been  put  in  shape  for  comparison),  to  calculate  accu- 
rately the  proper  rates  of  expansion  for  different  steam  pressures,  and  it 
is  probable  that  no  fixed  rule  could  be  framed  to  include  the  modifica- 
tions due  to  all  conditions.  We  give  the  following  provisional  rule,  with 
tabulated  examples  : 
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(6  E.)  Rule. — To  the  number  representing  the  steam  pressure  above 
the  atmosphere  (P)  add  37;  divide  the  sum  by  22;  the  quotient  will 
represent,  approximately,  the  proper  ratio  of  expansion  {R)  for  that 
steam  pressure;  that  is 

^  =  "22— 
Examples: 

steam  pressure  above  atmosphere  ■=  P 5        10       25        40        GO        80        100 

Ratio  of  expansion  =  ff 1.9      2.1       2.8      3.5      4.4      5.3        6.2 

It  is  probable  that  these  ratios  are  nearly  correct  for  single  engines 
of  large  size  with  details  of  good  design,  too  large  for  single  engines  of 
ordinary  construction,  and  too  small  for  the  better  class  of  compound 
engines.  The  rule,  though  provisional,  is  safer  to  follow  than  the  un- 
certainties of  personal  opinion  and  the  variations  of  actual  practice. 
Further  information  cannot  vary  it  materially,  for  the  economy  changes 
very  little  for  expansions  considerably  greater  or  less  than  the  most 
economical  grade.  The  limit  of  expansion  for  the  higher  pressures  are 
apparently  well  defined  by  the  experiments  discussed;  but  there  are 
indications  that  there  is  no  loss  in  using  somewhat  higher  expansions 
than  given  by  rule  for  steam  pressures  of  35  to  40  pounds — of  course, 
however,  with  results  inferior  to  those  obtained  by  using  higher  pres- 
sures.    Further  investigations  are  being  made  on  this  subject. 

(6F.)  As  a  general  rule,  in  constructing  an  expansive  engine,  too 
much  expansion  is  attempted,  and  the  cylinder  is  made  much  too  large 
for  the  work  to  be  done.  This  is  particularly  true  in  respect  to  engines 
designed  to  be  operated  expansively  with  high  steam  pressures.  As 
previously  referred  to,  the  designing  engineer,  in  almost  every  instance, 
furnishes  too  much  cylinder  to  work  off  the  steam  from  a  given  boiler 
at  the  most  economical  degree  of  expansion  for  the  pressure  intended. 
This  is  one  of  the  most  important  lessons  to  be  learned  from  these  ex- 
periments, and  many  others  as  yet  unpublished.  Nearly  all  the  marine 
engines  constructed  have  cylinders  of  sufficient  size  to  develoj)  the 
power  intended  with  a  mean  pressure  of  25  to  20  jjounds,  and  even  lower. 
These  experiments  show  clearly  that  it  is  not  economical  to  expand  high 
pressure  steam  sufiiciently  to  produce  so  low  a  mean  pressure,  and  that 
with  such  large  cylinders  it  would  be  nearly,  if  not  quite,  as  well  to 
reduce  the  steam  pressure  and  expansion  (as  we  have  complained 
previously  that  the  working  engineers  are  in  the  habit  of  doing,  though  to 
an  unwarranted  extent) .  The  best  results  shown  by  these  experiments 
were  obtained  with  a  mean  pressure  of  34  to  37  pounds,  when  the  boiler 
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pressures  were  from  70  to  80  pounds,  and,  therefore,  the  steam  cylinders 
of  non-compound  high  pressure  condensing  engines  should  be  not 
more  than  two- thirds  the  size  they  are  usually  made.  Engines  so 
proportioned  would  not  only  work  with  greater  economy,  but  also  with 
less  expansion  than  those  with  larger  cylinders,  so  that  there  would  be  a 
more  equable  pressure  throughout  the  stroke  when  high  steam  was  used, 
and  less  trouble  to  the  engineer.  Such  an  engine,  properly  constructed 
and  operated,  would  probably  require  but  about  15  per  cent,  more  fuel 
than  the  best  form  of  compound  engine  to  do  the  same  work. 

(6  G.)  We  are  now  constructing  a  non-compound  high  pressure  con- 
densing engine,  which  is  fitted  with  expansive  gear,  adjustable  only 
between  one-sixth  and  one-fourth  the  stroke.  To  maneuver  the  vessel, 
the  cut-ofi"  must  be  thrown  entirely  out  of  gear,  and  distribution  of 
steam  efi"ected  entirely  with  main  valve.  It  is  hoped  that  the  arrange- 
ment will  prevent  the  temptation  to  reduced  expansion,  which  would 
take  place  to  an  important  extent  even  when  using  a  cylinder  of  proper 
size  for  the  work  to  be  done. 

Indicatok  Diagbams. — Annexed  will  be  found  specimens  of  the  indi- 
cator diagrams  taken  during  the  principal  runs.  Diagrams  for  each 
series  of  experiments  on  the  Bache  have  been  selected  with  like  steam 
pressures  and  traced  together  for  facility  of  comparison. 

Hyperbolic  curves  have  been  dotted  upon  one  series  of  the  diagrams  >y 
in  such  manner  as  to  coincide  with  the  experimental  curves  near  the 
points  of  suppression.  When  the  diagrams  were  taken  the  indicators 
were  carefully  adjusted  so  as  to  be  perfectly  free  in  their  action,  and  in 
some  of  the  diagrams  vibrations  of  the  pencil  may  be  observed  at  the 
points  of  cut-off  outside  the  true  experimental  lines. 

The  diagrams  considered  together  show  a  number  of  differences  due 
to  the  various  changes  of  condition.  As  stated  previously,  the  steam 
supplied  by  the  boilers  of  the  revenue  cutters  was  probably  suj)erheated 
slightly,  and  the  expansion  curves  on  diagrams  F,  0,H,  from  their  engines 
more  nearly  correspond  with  the  Mariotte  curves  of  expansion  than  the 
majority  of  those  from  the  engine  of  the  Bache.  The  boiler  of  the  Bache 
was  operated  much  below  its  power  when  furnishing  steam  at  the  high 
grades  of  expansion  used  (see  4  C),  and,  as  the  steam  room  was  large,  the 
water  level  very  steady  and  extra  precautions  had  been  taken  to  felt  the 
boiler,  steam-pipe  and  valves,  the  steam  supply  must  have  been  delivered 
to  the  engine  in  about  the  same  condition  as  if  from  a  boiler  without  auy 
superheating  surface,  or  say  very  nearly  saturated  or  containing  but  a 


INDICATOR  DIAGRAMS.   U.  S.   COAST  SURVEY  STEAMER   "BACHE,"  AND  U.  S.    REVENUE  STEAMERS  "RUSH,"  "DEXTER"  AND  "DALLAS' 


The  mimcrals  on   the   ili.iKi'anis   rrl'ur  to  the  iiumber  of   the  expcrinieut  in   Talile  No.  1. 


STEAMER  "BACHE." 
Single  Engine,  using  Steam  Jacket. 
Indicator  Scale,  40  lbs.  per  inch. 


STEAMER  •■  BACHE." 
Single  Engine,  without  using  Steam  .Jacket. 
Indicator  Scale,  40  lbs.  per  inch 


ID  1. 

STEAMER  "  BACHE." 

CoMPocKD  Engine,   Sjiall  Cylinder, 

Indicator  Scale,  40  lbs.  per  inch. 


ID  2. 

STEAMER  ■'  BACHE. 

Compound  Engine.  Lakge  Cylinder,  using  Steam  Jacket. 

Indicator  Scale,  IC  Iba.  per  inch. 


INDICATOR  DIAGRAMS,   U.  S.  COAST  SURVEY  STEAMER  "BACHE,"  AND  U.  S.   REVENUE  STEAMERS  "RUSH,"  "DEXTER,"  AND   "  DALLAS. "-(Condu 


The  numerals  on  the  diagrams  refer   to  the  number  of    the  oxperimcnt   iu  Table  No.  1. 


ded. 


lEl. 

STEAMER  "BACHE." 

Compound  Engine.  Small  Cylinder. 

Indicator  Scale,  40  lbs.  per  inch. 


E  2. 
STEAMER  "BACHE." 
Compound  Engine,  Large  Cylinder,  ^^^THOUT  using  .Steam  Jacket. 
Indicator  Scale,  IG  lbs.  per  inch. 


IF  1. 

STEAMER  "RUSH." 

High   Pressure   Cylinder. 

Indicator  Scale,  40  lbs.  per  inch. 

Exp.  No.  1;  Table  No.  2. 


F  2. 

STEAMER  "  RUSH." 

Low  Pressure  Cvlindkr. 

Indicator  Scale,  16  lbs.  per  inch, 

Exp.  No.  I  ;  Table  No.  2. 


G-- 

STEAMER  "DEXTER." 

Indicator  Scale.  40  lbs.  per  inch. 

Exp.  No.  5;    Table  No.  2. 
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slight  percentage  of  moisture.  The  diagrams  show,  however,  that  Lique- 
faction rapidly  took  place  when  the  walls  of  the  cylinder  were  alternately 
cooled  and  reheated  as  described  above,  (3  C).  When  using  the  single 
cylinder  of  the  Bache  without  steam-jacket  (see  diagram  B),  the  expan- 
sion curve  for  bottom  of  cylinder  fell  below  the  Mariotte  curve  at  first, 
but  afterward  rose  above  it  as  re-evaporation  took  place.  In  the  top  of 
the  cylinder,  however,  some  water  collected,  and  its  re-evaporation  during 
the  expansion  portion  of  the  stroke  caused  the  expansion  curve  to  rise 
above  the  Mariotte  curve  at  all  times.  At  the  highest  grade  of  expansion, 
with  and  without  use  of  jacket,  a  loop  was  found  on  the  diagram  from  the 
upper  end  of  the  cylinder  in  two  instances  (as  shown  in  diagrams  C), 
which  disappeared  upon  opening  the  cylinder  relief  valve. 

These  diagrams  show  that  horizontal  engines  should  be  more  econom- 
ical than  vertical  ones,  for  the  reason  that,  when  properly  constructed,  the 
cylinder  can  be  kept  drained  at  all  times. 

When  using  the  single  cylinder  of  the  Bache,  with  jacket  (see  dia- 
grams A),  the  moisture  in  the  steam  due  to  reheating  the  surfaces  was  re- 
evaporated  throughout  the  stroke,  causing  the  expansion  curve  to  rise 
above  the  Mariotte  curve  in  most  cases.  As  before,  the  difference  is 
greater  for  the  top  of  the  cylinder  and  very  large  for  the  shortest  sup- 
pressions. 

With  the  compound  engine  of  the  Bache,  the  expansion  curve  for  the 
smaller  cylinder  which  was  not  steam-jacketed  (see  high  jDressure  dia- 
grams D),  also  rises  materially  above  the  Mariotte  curve.  The  cut-off 
valve  faces  were  in  excellent  condition,  making  leaks  improbable,  so  the 
difference  is  doubtless  due  also  to  re-evaporation  of  moisture.  The  ex- 
haust from  the  smaller  cylinder  of  compound  engine  is  not  so  effective  in 
carrying  moisture  out  of  the  cylinder  as  in  ordinary  engines  with  less 
back  pressure.  The  slight  superheating  of  the  steam  on  the  Rush,  to- 
gether with  the  stf-am-jacket,  was  sufficient  to  prevent  great  variation  of 
the  two  curves  (see  high  pressure  diagram  F). 

When  the  engine  of  the  Bache  was  operated  as  a  compound  engine, 
without  the  jacket  on  the  larger  cylinder,  there  was  a  material  reduction 
of  pressure  in  that  cylinder  throughout  the  stroke,  as  compared  with 
that  during  the  experiments  with  steam-jackets  in  use,  which  may  be  ob- 
served by  comparing  low  pressure  diagrams  D  and  E,  and  the  mean  press- 
ures shown  in  line  25  of  Table  No.  1. 

SuPEKHEATiNG. — In  conclusion  it  may  be  observed  that  the  diagrams 
taken  at  the  higher  grades  of  expansion  on  the  Bache  shoAV  such  positive 
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evidence  of  the  presence  of  water  in  the  cylinder  (due  doubtless,  as  has 
been  stated,  to  internal  condensation),  that  it  may  be  claimed  that  by 
superheating  the  steam,  the  ratio  of  (ixijansion  could  be  economically 
increased  beyond  that  shown  by  the  Bache  experiments.  In  discussing 
this  question,  however  (subject  6),  the  conclusions  were  founded  on 
the  experiments  both  with  the  Bache,  where  there  was  probably  no 
superheating,  and  with  the  cutters  where  the  conditions  were  favorable 
for  the  thorough  drying  of  the  steam.  From  both  series,  and  other  experi- 
ments available,  it  is  concluded  that  superheating  will  iindoubtedly  reduce 
the  final  cost,  but  it  does  not  appear  that  it  will  change  in  a  material  de- 
gree the  most  economical  point  of  cut-off  for  a  given  steam  pressure. 
Superheating  should,  in  fact,  show  beneficially  in  the  same  way  as  the 
steam-jacket  and  in  a  measui'e  reduce  the  advantages  shown  by  the  latter. 

The  variations  above  referred  to  between  the  actual  and  Mariotte  ex- 
pansion curves,  which  show,  doubtless,  the  presence  of  extreme  internal 
condensation,  are  frequently  observed  in  marine  engines  using  high 
grades  of  expansion,  and  in  such  cases  we  may  naturally  infer,  from  the 
whole  evidence  presented,  that  there  is  also  a  loss  of  result  compared  with 
that  obtainable  with  less  expansion.  In  the  experiments  with  the  single 
cylinder  of  the  Bache,  it  may  be  noticed,  incidentally,  that  the  expansion 
curves  on  diagrams  from  the  bottom  of  the  cylinder  correspond  closely 
with  the  Mariotte  curves  (particularly  with  steam-jacket  in  use),  when  the 
engine  is  working  at  its  most  economical  grade  of  expansion,  and  we  have 
observed  a  similar  correspondence  in  diagrams  from  both  ends  of  the 
cylinder  of  horizontal  engines,  where  provision  was  made  to  drain  the 
water  from  the  cylinder  at  each  stroke. 

The  Mariotte  curve  has  been  used  for  comparison  simply  for  conveni- 
ence, without  discussing  the  question  whether  it  is  the  true  expansion 
curve  or  not. 
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Firat  principles,  then  rules. 

In  order  that  the  human  intellect  may  approach  the  perfect  ansiver  in  any  physical  investi- 
gation, there  is  necessary  the  combined  application,  each  in  its  proper  proportion,  of 
three  inslrumoiis :  mathematics,  experiment,  and  a  well-balanced,  trained,  common- 
sense  judtjment. 

Introductory.  —  The  choice  of  subject  above  presented  probably  needs 
no  apology,  before  an  audience  of  American  engineers.  After  having  neg- 
lected the  construction  of  continuous  fixed  spans,  with  probably  good  reason 
in  the  majority  of  cases,  as  we  shall  see,  but  on  the  other  hand  carried  the 
construction  of  certain  kinds  of  single  fixed  spans  (link-bridges)  to  a  degree 
of  perfection  and  size  hitherto  unknown,  American  engineers  have  suddenly 
been  brought  face  to  face  with  the  problem  of  continuous  spans,  by  the 
abandonment  of  the  old  form  of  drawbridge,  whose  ends  are  suspended 
from  a  central  tower  by  chains  or  rods,  and  the  adoption  of  the  continuous 
form  of  truss  for  such  structures.  The  number  of  drawbridges  of  this  latter 
class  is  steadily  increasing,  and  some  of  them  have  already  attained  a  mag- 
nitude of  span  never  before  attempted  ;  yet  it  is  a  painful  fact  that,  in  the 

*  The  word  "  drawbridge  "  will,  in  this  paper,  be  used  only  in  the  sense  of  one  of  that  specioS 
of  drawbridges  that  are  made  to  revolve  around  a  vertical  axis  situated  between  their  ends. 
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calculation  of  the  strains  in  continuous  drawbridges,  unsupported  opinion 
and  "good  enough"  approximations  have  often  had  a  controlling  voice; 
whereas  such  guides  are  evidently  out  of  place  in  engineering  or  in  any  other 
physical  science.  And  it  is,  perhaps,  only  a  natural  consequence  of  this  that 
there  are  many  unpleasant  rumors  (facts  are  difficult  to  arrive  at  in*  such 
cases)  as  to  tl;e  unsatisfactory  performances,  wear,  and  life  of  many  of  the 
great  drawbridges  of  the  country,  both  of  the  old  and  new  styles. 

The  subject  is  therefore  submitted  as  one  of  practical  and  ample  pecun- 
iary interest  to  the  profession  and  to  their  employers. 


PART   I. 

§  1.  History  of  the  Theory  of  Continuous  Girders.  —  The  calcu- 
lation of  continuous  girders  commences  with  Navier,  about  1830,  who,  it  is 
believed,  first  propounded  the  theory  of  the  "  elastic  line  ; "  that  is,  the  curve 
or  form  which  the  neutral  axis  of  a  body,  following  the  laws  of  elasticity, 
would  assume  upon  being  supported  by  any  number  of  fixed  supports,  which 
were  first  taken  as  being  all  on  the  same  level,  and  then  acted  upon  by  a 
series  of  vertical  forces  or  loads.  Navier  showed  how,  from  the  equation  of 
this  curve,  could  be  deduced  the  reactions  at  each  support,  the  value  of  the 
moments  over  the  supports  and  generally  along  the  line,  &c.  Still,  his 
method  led  to  somewhat  laborious  calculations,  and  was  therefore  but  little 
used,  until  in  December,  1857,  a  French  engineer,  Clapeyron,  published,  in 
the  "  Comptes  Rendus,"  an  improvement  on  the  method  of  Navier,  which 
consisted  in  finding  primarily  the  moments  over  each  suppoi't,  and  then  de- 
ducing, from  the  moments  so  found,  the  reactions  sought  for.  Clapeyron's 
equations  required  that :  1.  The  load  be  uniformly  distributed  on  each  span. 
(The  several  spans  may,  however,  have  different  loads.)  2.  The  supports 
must  all  be  situated  on  one  and  the  same  level.  3.  The  moment  of  inertia 
of  the  cross-section  of  the  girder,  referred  to  the  neutral  axis,  must  be  con- 
stant. Other  assumptions  made  by  Clapeyron,  but  which  are  common  to 
all  the  theories  of  the  elastic  line,  before  and  since  his  day,  will  be  spoken 
of  further  on. 

The  publication  of  Clapeyron's  article  seems  to  have  given  a  great  im- 
petus, in  France  and  Germany  at  least,  to  the  investigation  of  the  properties 
of  continuous  girders,  and  speedily  led  to  the  extension  of  the  theory  of  the 
elastic  line  to  the  cases  where  the  supports  are  not  on  a  level,*  to  investiga- 

*  First  noticed  by  C.  Kopke  in  "  Zeitscbrift  des  Arcbt.  «fc  Ing  Vereins  zu  Hannover,"  1856. 


397 

tions  as  to  the  effect  produced  by  such  a  change  of  level  in  the  supports,  &c. ; 
and  much  has  since  been  written  in  French,  German,  and  English  *  technical 
journals,  and  other  publications,  with  some  books  partly  or  wholly  on  this 
subject.     [See  the  list  given  in  the  Appendix.] 

It  is  characteristic,  however,  of  all  the  books  and  articles  that  appeared 
on  this  subject,  between  1860  and  1873,  that  they  severally  treat  of  special 
cases  only,  at  least  what  in  the  light  of  the  most  recent  workf  ajjpear  as 
only  special  cases.  Thus  Mohr  develops  the  properties  of  girders,  contin- 
uous over  two  or  three  spans  of  any  relative  length,  for  uniformly  distributed 
loads,  with  the  supports  on  a  level,  or  raised  or  lowered  certain  known 
quantities,  and  for  girders  of  varying  section.  Laissle  and  Schuebler  do 
nearly  the  same  ;  while  Quensel  gives  the  equations  for  concentrated  loads,  in 
girders  continuous  over  two  spans,  when  both  spans  are  equal. 

It  was  the  first  intention  of  the  writer  to  add  to  these  cases,  by  develop- 
ing the  equations  for  concentrated  loads,  on  a  girder,  continuous  over  two 
spans,  when  the  spans  are  unequal  and  the  supports  either  in  or  out  of  level ; 
which  then  seemed  the  only  set  of  equations  needed  to  meet  the  general  case 
here  treated  of,  —  a  continuous  gii-der  drawbridge,  loaded  and  supported,  in 
any  manner.;):  All  such  partial  investigations  have  been  set  at  rest,  how- 
ever, by  the  recent  work  of  Weyrauch,  previously  referred  to,  which,  in  the 
language  of  the  preface,  presents  a  complete  ' '  theory  of  straight  girders, 
continuous  over  any  number  of  openings  from  1  to  oo,  and  for  any  kind  of 
concentrated  or  regularly  or  irregularly  distributed  loads."  It  even  treats 
the  single  span  girder  as  but  a  special  case  of  the  general  subject  above  pre- 
sented. Following  a  work  as  exhaustive  as  this,  there  remains  but  little  to 
be  done  in  the  way  of  generalization  ;  and  it  has  been  freely  used  in  deduc- 
ing the  equations  needed  to  calculate  the  reactions  at  the  several  points 
of  support  of  a  drawbridge. 

The  general  equations  thus  taken  from  Dr.  Weyrauch's  book,  the  special 
equations  then  derived  from  them,  and  their  mode  of  derivation,  will  be 
found  in  Part  II. 

§2.  The  Practice  and  Theory  of  the  Elastic  Line. — It  is  time 
now  to  speak  of  the  value  of  all  these  investigations,  of  the  assumptions 
upon  which  they  rest,  and  in  how  far  we  can  judge  or  know  that  the  results 
obtained  represent  the  exact  truth. 

*  The  writer  cannot  state  as  to  works  in  other  than  these  three  languages. 

t  The  work  by  Dr.  Jacob  I  Weyrauch  cited  in  the  Appendix. 

X  However,  this  would  not  have  met  the  whole  case,  as  will  presently  appear;  for  usually 
the  drawbridge,  owing  to  its  being  supported  at  two  points  at  the  centre,  becomes  a  girder  con 
tinuouB  over  four  supports,  or  of  three  spans  instead  of  two. 
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The  theory  of  the  "  elastic  line,"  together  with  the  long  train  of  investi- 
gations that  has  grown  from  it,  rest  upon  certain  assumptions  to  be  found 
in  most  theories  of  flexure,  and  very  fully  set  forth  in  the  work  to  which 
reference  has  just  been  made.  In  order  that  a  bridge  structure  should 
exactly  conform  to  these  assumptions:  1.  Every  member  and  every  part  of 
every  member  would  have  to  extend  or  compress  strictly  equal  distances  by 
the  application  of  equal  strains  per  unit  of  section.  2.  If  the  girder  were  laid 
over  on  its  side,  — that  is,  not  be  acted  on  by  what  ordinarily  are  its  vertical 
forces,  —  every  part  of  it  would  have  to  be  without  any  strain  whatever. 
3.  When  set  up,  no  part  of  it  must  in  the  slightest  yield  otherwise  than, 
according  to  1.  i.  Should  it  act  as  a  continuous  girder  on  supports  that 
are  on  a  level,  its  actual  supports  must,  when  the  bridge  is  set  up,  conform 
strictly  to  the  profile  of  the  bottom  of  the  bridge  when  it  is  in  condi- 
tion 2.  This  is  a  point  of  some  importance,  as  will  appear;  and  it  is  well 
perhajDS  at  once  to  clearly  catch  the  idea  of  what  is  meant  by  "  supports  on 
a  level"  and  "supports  so  and  so  much  out  of  level,"  speaking  after  the 
manner  of  continuous  girders.  In  point  of  absolute  level,  the  supports  may 
all  be  on  a  different  grade  and  yet  react  as  supports  that  are  on  a  level,  if 
the  girder,  when  without  strain  or  when  it  is  acted  upon  by  the  calculated 
theoretical  reactions,  has  an  under  profile  fitting  to  this  broken  grade  line 
of  the  supports ;  and,  if  mention  should  be  made  of  such  a  support  being 
lowered  so  much  out  of  level,  it  would  mean,  lowered  so  much  from  this 
primary  grade  line,  &c.  5.  In  the  theories  generally  given  it  is  assumed 
that  the  moment  of  inertia  of  the  cross  section  of  the  girder  referred  to  the 
neutral  axis  is  a  constant.  There  are,  to  be  sure,  methods  for  calculating 
the  reactions,  moments,  and  strains  in  girders  whose  cross  sections,  and 
therefore  moments  of  inertia,  vary  by  steps,  or  according  to  known  gradual 
increments  or  decrements,  accurately  as  well  as  approximately,  but  they  are 
both  so  laborious  as  to  make  their  use  unwarranted,  save  in  rare  cases;  and 
even  then  the  uncertainty  and  approximations  inherent  to  the  theory  in 
general  are  not  removed  by  this  additional  accuracy  of  taking  into  account 
these  variations.  It  is  safe  to  affirm,  namely,  that  in  actual  practice  none  of 
the  conditions  1,  2,  3,  and  4  ever  strictly  obtain.  Under  1,  different  pieces 
of  iron  do  not  extend  and  compress  strictly  as  the  strains  upon  them ;  each 
separate  plate,  angle,  T)  or  channel  will  vary  more  or  less  in  this  respect 
■within  its  own  length  and  each  with  the  other.  2  is  a  condition  which  must 
be  different  in  different  forms  of  construction,  link  or  riveted,  or  nut  and 
rod,  and  is  probably  never  absolutely  attained  in  practice.  3  depends  on  2 
in  the  first  place,  and  even  starting  with  2  perfectly  attained  it  is  just  as 
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reasonable  to  suppose  that  more  or  less  members  will  yield  somewhat,  no 
matter  how  little,  other  than  by  extension  or  compression  of  the  material 
they  are  composed  of,  as  that  they  will  not  at  all,  especially  on  being  first 
brought  into  action;  and,  again,  that  different  forms  of  construction  will  act 
differently  in  this  respect.  4  is  a  condition  of  which,  ordinarily,  really 
nothing  is  absolutely  known;  it  is  of  the  more  importance,  as  very  small 
changes  of  level  produce  a  great  increase  or  diminution  of  strains.  How 
this  condition  may  be  regulated  will  be  shown  farther  on.  5  has  already 
been  discussed. 

There  w'ould  seem  to  be,  therefore,  no  particular  reason  why  we  should 
give  implicit  faith  to  the  results  of  the  theories  based  on  that  of  the  elastic 
line,  any  more  than  we  do  to  those  derived  from  theoretical  hydraulics;  we 
can,  on  the  contrary,  as  a  matter  of  judgment,  gravely  question  their 
accuracy,  and,  so  far  as  known  to  the  writer,  there  are  yet  wanting  any 
experiments  on  finished  structures  from  which  coefficients  of  correction, 
such  as  are  indispensable  in  the  science  of  hydraulics,  could  be  deduced  to 
apply  to  the  science  of  bridge-building,  more  particularly  to  that  of  con- 
tinuous girders. 

Another  difficulty  lies  in  the  form  of  the  equations  presented  to  the 
engineer  for  calculating  the  dimensions  of  a  desired  girder.  If  the  supports 
are  not  "on  a  level,"  or  if  it  is  desired  to  applj'  the  more  exact  formulae, 
which  make  allowance  for  the  variations  in  the  cross  section  of  the  chords, 
it  will  be  foimd  that  these  very  equations  already  contain  the  desired  dimen- 
sions, algebraically  of  course.  There  is  then  nothing  left  to  do  but  to  apply 
the  method  of  successive  approximations;  that  is,  first  to  find  the  dimensions 
as  well  as  may  be,  introducing  the  value  of  the  dimensions  sought  in  the 
equation  used  to  find  them,  according  to  the  best  judgment  of  the  calculator, 
then  from  the  structure  so  designed  to  start  aiiew.  There  is  no  desire  here 
to  overrate  the  deficiencies  of  the  system  as  it  stands  developed  to-day,  nor 
to  conceal  the  fact  that  multitudes  of  bridges  have  been  built  in  accordance 
therewith  and  are  doing  good  service.  The  question  that  remains  is:  inas- 
much as  the  formulas  do  not  give  exact  mathematical  results,  how  near  are 
they  to  the  truth  for  various  kinds  of  bridges  or  what  are  the  coefficients  of 
correction?  Happily,  much  uncertainty  could  be  elimhiated,  and  the  two 
last  described  calculations  dispensed  with,  were  the  method  of  ice'KjhiiKj  off 
the  actual  reactions  of  tlie  finished  bridge  once  substituted  for  that  of  calcu- 
lating the  proper  position  or  level  of  the  supports,  in  order  that  certain 
reactions  might  be  obtained.  To  arrive  at  this  method  in  the  development 
of  the  proper  manner  of  calculating  drawbridges  seems  very  natural,  but  it 
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is  nevertheless  somewhat  puzzling  that,  with  the  great  care  and  expense 
applied  to  the  erection  of  the  numerous  continuous  girders  that  have  been 
built  in  France  and  Germany,  this  simple  method  should  not  have  been 
thought  of  and  practised  rather  than  the  uncertain  one  of  calculating 
minute  differences  of  level  of  the  supports,  and  then  attaining  them  as 
nearly  as  possible. 

To  illustrate,  take  a  girder  of  uniform  section,  uniformly  loaded,  of  two 
equal  spans,  supported  on  three  supports  all  on  a  level. 


A  Fig.  I.  B  C 


A,  B,  C,  are  the  reactions,  q  the  weight  per  unit  of  length,  therefore 
from  49  and  50,*  A  =  C  ^  ^  ql,  B  =  ^-^  ql,  when  all  the  conditions  of  a 
continuous  girder  are  fulfilled.  But  if  A  and  C  are  each  lifted  up  by  a  lever 
or  set  of  levers  (the  levers  ultimately  to  be  kept  in  position  by,  say  a  spring 
dynamometer)  or  by  any  other  weighing  apparatus  more  or  less  approxi- 
mate,! until  these  scale  beams  read  |  ql,  and  permanent  wedges  are  then 
driven  under  A  and  C  until  the  spring  dynamometers  or  temporary  supports 
return  to  indicate  0,  we  shall  be  certam  that  we  have  left  the  girder  acting 
as  a  theoretically  perfect  continuous  girder,  under  that  load  at  least.  Again, 
if  the  reactions  left  under  the  girder  were  only  those  for  which  it  had 
been  calculated,  it  would  be  a  correctly  designed  structure,  no  matter 
whether  these  reactions  were  those  theoretically  due  to  a  continuous  girder 
on  level  supports  or  on  supports  to  a  certain  degree  out  of  level.  For  a  load 
q^  on  one  span,  and  q^  on  the  other,  the  theoretical  reactions  on  level  sup- 
ports would  be  (46  —  48)  — 

and  further  experiment  would  show  whether  the  same  girder,  reacting 
theoretically  perfect  under  the  one  kind  of  load,  did  so  under  the  other 
kind  also,  or,  if  not,  what  were  the  actual  reactions.  From  a  scries  of  such 
tests,  valuable  practical  data  would  speedily  be  obtained;  and  in  the  mean 


*  See  equations  in  Part  II. 

t  A  good  liyilraulio  press  that  had  previously  been  experimented  with  and  duly  rated  would 
make  a  convenient  and  direct  weighing  machine. 
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■while  girders  would  have  to  be  so  supported  that  they  should  receive  the 
l^roper  reactions  when  under  the  loads  which  produce  the  most  frequently 
occurring  maximum  strains, 

§  3.  SOiME  Properties  of  Contlnuous  Girders.  —  Before  proceeding 
to  speak  specifically  of  only  continuous  drawbridges,  it  may  be  well  to 
become  more  fully  acquainted  with  some  of  the  properties  of  continuous 
girders  in  general.  One  of  their  most  remarkable  characteristics  is  the 
effect  they  undergo  by  being  supported  on  supports  which  are  not  "  on  a 
level."  The  equations  that  give  the  reactions,  maximum  moments,  &c., 
under  these  conditions,  all  contain  the  moment  of  inertia  of  the  girder  cross 
section  and  the  ordinates  below  a  level  line  of  the  several  points  of  support, 
likewise,  with  given  sections  of  girder,  spans,  and  loads,  may  be  found  the 
ordinates  of  supports  that  will  produce  desired  strains  and  moments.  See 
equations  32-34  containing  the  term  Y,  or  59-62  containing  }\  and  ¥«,  and 
others.  A  large  part  of  most  treatises  is  taken  up  with  the  calculation  of  these 
special  ordinates;  that  is,  ordinates  producing  special  strains  and  moments, 
and  the  result  of  some  of  these  calculations  it  will  be  instructive  to  look  over. 
It  is  proposed  in  this  paper  to  make  no  use  of  any  forraulse  containing  the 
terms  Y — that  is,  the  ordinates  of  the  support  and  the  moment  of  inertia  of 
the  girder  cross  section  —  for  several  reasons:  1.  to  abbreviate  calculation ; 
2.  because  these  orcHnates  cannot  be  measured  practically  with  the  nicety  that 
the  equations  demand,  — thousandths  of  a  foot  in  difference  of  level  usually 
make  tons  of  difference  of  reaction  and  many  tons'  difference  of  strain;  3.  be- 
cause the  introduction  of  these  terms,  as  has  been  stated,  fits  the  equations 
indeed  for  finding  the  strains  in  a  designed  girder,  but  not  for  finding  the 
correct  dimensions  of  a  girder  about  to  be  designed;  4.  because  by  directing 
our  energies  toward  a  different  object  —  the  weighing  of  reactions  —  more  can 
be  achieved  in  the  investigation  of  the  same  subject.  In  the  present  state  of 
the  science  of  continuous  girders,  certainly  the  value  of  the  deductions 
about  to  be  given  hes  rather  in  the  warning  they  offer  as  to  the  effects 
of  accidental  or  unknown  differences  of  level  of  the  supports,  than  in 
the  use  to  be  made  of  them  and  the  formulae  they  are  derived  from,  in  the 
designing  of  new  works.  The  following  tables,  I.  for  two  spans  and  II.  for 
three  spans,  are  taken  from  the  work  of  Laissle  and  Schuebler,  and  will 
explain  themselves.  The  object  aimed  at  is  to  make  the  cross  section  of  the 
chords  as  nearly  uniform  as  possible;  that  is,  equal  in  maximum  in  each 
span  to  what  it  is  over  the  centre  support  in  the  case  of  two  spans,  and 
equal  in  all  three  spans  to  what  it  is  over  the  centre  supports  in  the  case  of 
three  spans. 
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Table  I.   {for  2  Spans). 


Length  in  ft.  of  each  1 
span ) 

23. 

32.8 

49  2 

65.6 

98.4 

131.2 

196.8 

328. 

Uatio-- 

i 

i 

1 
5.3 

1 
4.5 

1 
3.6 

i 

1 
2.5 

1 
1.9 

°°      ( 

■£        Max.   moment 

g,  .       in  the  2  spans 

0.0027 

0.0919 

0.0900 

0.0897 

0.0882 

0.08C8 

0.0851 

0.0819y/= 

X  5  j  IMax.    moment 
o~       over  the  ccn- 
P          tre  pier  .... 

0.125 

0.125 

0.125 

0.125 

0.125 

0.125 

0.125 

0.125?/= 

i4e 

"^  C3.S 

Ml 

fto  s  ■ 

r 

Max.   moment 
at  centre  sup- 
port   and    in 
tlie  two  spans 

0.1026 

0.1019 

0.1011 

0.1004 

0-.0994 

0.0983 

0.0970 

0.0940-?/= 

Depression    in 
ft.    of   centre 
support  =  s  . 

O.OIU 

0.0164 

0.0247 

0.0357 

0.0563 

0.0815 

0.1262 

0.2408 

Table  II.  (for  S  Spans). 


Length  of 

miiltlle 
spari  in  ft. 

I. 

i 

f 

i 

1- 

7 

8 

n 
10 

1 

II 

1 

s  = 

0.00042/, 

0.00119/2 

0.00148/^ 

0.00171/2 

0.00205/2 

O.OOI82/2 

0.00092/3 

s 

- 

0.00039 

0.00100 

0.00123 

0.00142 

0.001G9 

0.00155 

O.OOO83/3 

574 

-1 

0.00037 

0.00093 

0.00114 

0.00132 

0.001.53 

0.00146 

0.00078/2  or 

.2123 

.5338 

.6543 

.7576 

.8782 

.8380 

.4477  ft. 

328 

i 

_ 

0.00035 

0.00082 

0.00100 

0.00115 

0.00133 

0.00132 

0.00072/2or 

.1148 

.2690 

.3280 

.3772 

.4362 

.4329 

.2379  ft. 

2:^0 

s 

,. 

0.000.33 

0.00076 

0.00092 

0.00106 

0.00123 

0.00123 

O.OOOOS/jOr 

5 

.0759 

.1748 

.2116 

.2438 

.2829 

.2829 

.1564  ft. 

148 

1 

_ 

O.OOn.32 

0.00072 

0.00087 

0.00100 

0.00115 

0.00119 

0.00004/2  or 

.0473 

.1005 

.1287 

.1480 

.1702 

.1761 

.0947  ft. 

82 

1 

_ 

0.00031 

0.00066 

0.00080 

0.00092 

0.00106 

O.OOIU 

O.OOOfiS'jOr 

T 

.0254 

.0541 

.0656 

.0754 

.0809 

.0910 

.0517  ft. 

60 

1 

_ 

0.00031 

0.00064 

0.00078 

0.00089 

0.00102 

0.00108 

0.00063/2or 

T 

.0186 

.0384 

.0468 

.0534 

.0612 

.0648 

.0378  ft. 

40 

1 

_ 

0.00030 

0.00061 

0.00073 

0.00082 

0.00099 

0.00104 

O.OOO.'iO/jOr 

.0120 

.0244 

.0292 

.0328 

.0396 

.0416 

.0236  ft. 

25 

1 

_ 

0.000.30 

0.000,59 

0.00071 

0.00079 

0.00093 

0.00101 

0.000.53/„or 

tf 

.0075 

.0147 

.0177 

.0197 

.0242 

.0252 

.0132  ft. 
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In  these  tables  : 
•    j9  =  own  weight  per  f t. ,  g  =:  live  load  per  ft. , 

/  =:  span  in  ft. ,  both  spans  equal  in  Table  I. ,  two  outside  ones  equal  in 
Table  II. 

ij  =  span  in  ft.  of  middle  span  in  Table  II. 

The  height   of  the   truss  is  supposed  to  be  ^^  of  I  and  ^^ ^——  for 

o 

Tables  I.  and  II.  respectively,  Avith  a  strain  of  about  8500  lbs.  per  □"  in 
the  chords. 

Mr.  Mohr,  in  his  article,  1860,  finds  for  a  strain  of  about  8,400  lbs. 
per  □  inch,  two  spans,  height  Jg   of  span,  modulus  of  elasticity  =  about 

29  million  lbs.  per  □  inch:   l-\-z=i-\-51  ~,  where  z  is   percentage  of 

strain  in  the  chords  at  centre,  due  to  lowering  of  centre  support,  y  is 
amount  of  such  lowering,  and  h  is  the  height  of  girder,  both  expressed 
in  same  unit  of  length.  We  find,  therefore,  that  for  a  lowering  of  the 
centre  support  equal  to  -^^  part  of  the  height  of  the  girder,  the  strain  in  the 
chord  at  the  centre  is  already  doubled. 

Similarly,  for  three  equal  continuous  spans,  the  same  admirable  writer 

finds  1  -I =  1  4-  G9  f",  where  r  =  — ; — 2^   each  per  unit  of  length. 

'   7  —  r  ^       h  hve  load    '  ^  ^ 

Such  a  girder  would  therefore  require  that  the  central  supports  should  be 
only  J^  of  the  height  of  the  girder  lower  than  the  outside  ones,  or  that  the 
bridge,  when  laid  on  its  side  and  every  member  without  strain,  should  have 
a  crown  at  the  points  where  it  will  rest  on  the  centre  supports,  above  a 
straight  line  connecting  its  two  end-supported  points  of  -^-^  of  the  height  of 
the  truss,  in  order  that  it  receive  a  strain  in  the  chords  over  the  centre  sup- 
ports of  2  X  8,400  =  16,800  lbs.  per  Q  inch.  Only  half  the  described  devi- 
ation of  level  in  the  piers,  taken  in  conjunction  with  half  the  described  crown 
of  the  bridge,  will  produce  a  like  effect. 

For  small  bridges,  especially,  the  measurements  of  level  required  to  properly 
mount  a  continuous  girder  are  practically  unattainable,*  and  the  advantage 
to  be  derived  from  lowering  the  centre  supports  is  completely  swallowed 
up  in  the  disadvantages  resulting  from  accidental  or  unknown  changes 
of  level.  The  most  advantageous  level  for  the  central  supports  of  a  three- 
span  continuous  girder,  as  compared  with  three  single  spans,  will  result  in 
a  saving  of  some  18  —  39%  of  chord  section  ;  but  an  equal  disadvantage 

*  It  may  not  bo  out  of  place  to  call  attention  to  tlic  fact  that  this  difflciilty  decreases  for 
large  spans,  and  again  to  note  that  it  can  always  be  entirely  avoided  by  weighing  the  reactions, 
instead  of  measuring  the  relative  level  of  the  supports. 
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arises  from  a  variation  of  level  in  the  points  of  support  of  t^-^^q^  to  -^^q-^, 
that  is,  for  small  bridges  of  yj^j-  and  for  larger  ones  of  -^l^  oi  their  own 
height. 

An  endeavor  to  calculate  continuous  girders,  without  having  recourse  to 
the  measurement  of  the  distances  the  several  supports  are  "  out  of  level," 
would  therefore  seem  to  be  well  warranted.  The  same  remark  is  less  true 
as  regards  omitting  the  consideration  of  variations  in  the  moments  of  iner- 
tia of  the  chord  sections.  The  time  for  this  additional  approximation  will 
come,  when  we  shall  have  obtained  coefficients  of  coi'rection  from  experi- 
ments with  many  kinds  and  qualities  of  finished  bridges.  It  will  be  to 
these  last,  most  nearly  correct  formulte,  that  the  coefficients  will  have  to  be 
applied.  At  present,  the  methods  to  which  this  paper  has  been  limited  can 
gam  but  little  additional  accuracy,  by  having  regard  to  variations  of  the 
moments  of  mertia,  so  long  as  they  contain  the  relatively  equal  inaccuracy  of 
being  without  practical  coefficients  of  correction.  In  the  mean  while  it  is 
gratifying  to  find  that  calculating  without  regard  to  moments  of  inertia  of 
the  chord  sections  is  of  the  less  importance  the  more  nearly  the  actual  sections 
are  made  exactly  proportional  to  the  strains  in  them.  For  the  mathematical 
case,  where  the  above  proportion  is  exactly  obtained,  Mr.  Mohr  finds  for  two 
equal  continuous  spans,  uniformly  loaded:  — 

M^  =  0. 146  ql^  =  moment  over  the  centre  pier, 

A    =  0.354  ql  =  reactions  at  ends,  and 

ilf  =  0.06215  i^Z' :^  maximum  moment  in  each  span,  when  the  change  of 
moment  of  inertia  is  taken  into  account;  and,  as  is  well  known, 

M.^  — 0.1-25  ql% 

A    =0.375  ql, 
and  M'  =  0.0703  ql^,  neglecting  the  same. 

Similarly,  for  three  equal  continuous  spans,  uniformly  loaded,  the  mo- 
ment over  the  central  piers,  the  reactions  at  the  ends,  and  the  maximum 
moments  in  the  first  and  third  and  middle  spans  are  found  for  the  two  cases 
of  varying  and  of  uniform  moments  of  inertia :  — 


JI/2  =0.1067  qr-, 
A  =0.3933  ^Z, 
M'  =0.0773  qP, 
M"=z0.01S3qr-, 


and  ■ 


f  il/2  =0.100  ql-, 
A  =0.400  2^, 
M'  =  0.080  qP, 

[  M"  =  0.025  ql\* 


§  4.    Loads     and     Reactions    of    Continuous    DnAWBRiDGES.  — 
Pivot  drawbridges,  when   constructed  as   Unk-bridges,    usually  have    two 

*  See  also  the  article  by  J.  W.  Schwedler,  1862,  p.  277,  cited  in  Appendix. 
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centre  posts  at  equal  distances  each  side  of  the  pivot  or  centre.  Indeed, 
whatever  the  construction  of  the  girder,  two  supports  at  the  centre  will  be 
the  rule,  and  one  only,  exactly  at  the  pivot,  the  exception.  In  the  latter 
event,  the  formulae  for  two  equal  and  those  for  two  unequal  spans,  for  the 
several  kinds  of  loading,  will  give  the  reactions  for  any  case  that  may  arise. 
It  is  proposed  to  discuss  in  full  only  the  more  difficult  case  of  two  centre 
supports,  in  the  course  of  which  the  other  and  less  usual  case  cannot  fail  to 
be  lilvcwise  sufficiently  elucidated,  the  more  so  as  the  two  have  many  points 
in  common.  Take,  first,  the  supposition  of  symmetrical  loading  only;  that 
is,  loading  such  that  no  tendency  to  pivot  at  the  centre  exists,  and  let  us  see 
the  effect  on  the  truss,  of  the  several  possible  levels  of  the  end  supports  as 
referred  to  that  of  the  two  centre  ones.  The  former  couple  can  always,  and 
the  latter  two  can  for  all  cases  of  symmetrical  loading,  be  considered  as 
though  on  a  level. 

Case  I.  The  bridge  open  and  loaded  with  snow.  In  Southern  climates, 
and  in  those  cases  of  railroad  bridges  that  have  no  flooring,  the  snow  load 
may  of  course  be  omitted.  In  this  latitude  (40°  and  above)  and  for  highway 
bridges  it  cannot  be  overlooked.  The  end  supports  are  wanting,  the  bridge 
being  open,  and  we  have  a  girder  resting  on  two  supports  only;  and  the 
reactions  at  each  must  necessai'ily  be  equal  to  half  its  own  weight,  plus  the 
weight  of  the  snow  on  half  its  length. 

Case  II.  The  bridge  shut  and  loaded  with  snow  plus  the  maximum  live 
load.  It  will  be  evident  that  the  reactions  at  the  four  points  of  support 
depend  now  very  much  on  their  relative  levels.  If  the  end  supports  are 
wanting,  —  one  extreme  case,  —  the  girder  would  be  in  the  same  condition  as 
when  open,  as  regards  support,  but  subjected  to  the  maximum  loading;  if 
the  end  supports  were  lifted  so  high  as  to  hft  the  ends  of  the  girder  higher 
than  the  two  central  supports,  by  an  amount  exceeding  or  just  equal  to  the 
deflection  of  the  girder,  acting  as  a  single  span-bridge  between  the  two  end 
supports  when  subjected  to  the  moving  load,  —  the  other  extreme  case,  —  it 
would  of  course  act  as  such  a  single  span  girder  alone,  and  undergo  a  strain 
at  the  centre  equal  to  what  it  would  in  Case  /.,  under  an  equal  load  and  were 
there  only  one  central  support,  but  with  a  general  reversal  of  the  directions 
of  all  strains.  Both  these  cases  are,  however,  practically  out  of  question, 
and  exist  only  as  logical  possibilities ;  *  but  between  them  Ue  an  infinity  of 


*  The  first  is  too  outrageous  a  case  of  wrong  for  even  an  unconscientious  draw-tender  to 
permit;  tlie  other  could  bo  prevented  by  not  furnishing  said  draw-tender  with  any  apparatus 
to  lift  the  bridge  otf  its  centre  supports.  In  the  case  of  railroad  drawbridges  whose  ends  aro 
intended  to  be  lifted,  the  passage  of  trains  before  such  lifting  has  taken  place  may  efl'ectually 
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supposable  cases.  Having  eliminated  from  the  discussion  the  consideration 
of  measured  differences  of  level  of  the  supports,  and  substituted  therefor  that 
of  the  actual  weights  of  the  reactions,  we  next  eliminate  this  latter  by  con- 
sidering only  the  several  cases  when  the  end  reactions  are  just  equal  to  0* 
It  will  readily  be  seen,  therefore,  that  for  the  case  in  hand,  a  bridge  loaded 
with  snow  and  a  live  load,  the  reactions  at  the  ends  may  be  madc  =  0:  when 
the  bridge  is  empty,  when  loaded  with  snow,  or  when  loaded  at  its  maxi- 
mum, though  this  last  brings  us  again  to  one  of  our  suppositions  that  may 
practically  be  neglected.  Or  any  given  number  of  tons  or  lbs.  per  unit  of  length 
or  panel  mag  be  considered  as  acting  on  the  girder  continuously,  and  the  balance 
will  be  supported  at  the  central  points,  which  is  equivalent  to  saying  that,  when 
loaded  with  this  balance,  the  skeleton  outline  of  the  girder  will  endure  no  reac- 
tions at  the  ends.  It  is  evident  that,  by  thus  dividing  up  the  loading  into  two 
parts,  one  acting  on  the  girder  continuously,  the  other  supported  at  the  two 
central  points  alone,  the  total  reactions  at  the  four  several  points  can  in  all 
cases  be  obtained. 

Another  way  to  explain  this  process  of  finding  the  total  reactions  by  first 
finding  the  reactions  due  to  certain  elements  of  the  loading  is  this;  and  the 
remarks  above,  relative  to  what  constitute  "level  supports,"  and  what 
"supports  out  of  level,"  speaking  after  the  manner  of  the  elastic  line 
theory,  must  be  borne  in  mind  in  this  connection.  Take,  first,  the  girder 
loaded  with  any  part  of  the  total  load  q,  and  the  end  supports  then  brought 
just  into  contact  with  the  ends  of  the  girder.  For  all  future  loads,  the  reac- 
tions will  be  the  same  as  those  due  a  straight  girder  on  level  supports;  in  point 
of  fact,  it  is  a  curved  girder  on  supports  just  fitting  it,  which  amounts  to  the 
same  thing.  Sometimes  the  strains  in  each  member  have  been  calculated  in 
parts,  due  to  different  loads,  and  these  then  summed  up ;  the  jalan  sub- 
mitted of  summing  up  only  the  reactions  \i\  jjarts,  and  then  getting  the 
strains  of  members  at  one  operation,  is  generally  to  be  preferred. 

A  practical  choice,  for  the  present,  will  be  to  suppose  the  end  reactions 
equal  to  0  or  end  supports  barely  in  contact,  when  the  bridge  is  emjity.  It 
will  shut  a  little  hard  in  that  case,  when  loaded  with  snow;  but,  as  the  draw 
is  opened  least  about  the  time  that  heavy  snow-storms  occur,  this  will  only 
be  taking  advantage  of  a  convenient  provision  of  nature,  and  not  working 

to  prevented  by  connecting  the  signal  tliat  the  bridge  is  ready  for  travel  with  the  bolt  that  bolts 
the  draw  ends  into  the  fixed  bridge,  and  then  arranging  this  bolt  so  that  it  cannot  be  shut  until 
the  draw  ends  are  lifted.  Still,  the  ingenuity  with  which  such  labor-involving  contrivances 
are  sometimes  circumvented  is  fully  equal  to  that  wliich  produced  them. 

*  Attention  in  here  called  to  the  three  widely  different  cases  of  having  a  reaction  =  0,  &pliis 
or  a  mitms  quantity. 
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against  one.  Certain  drawbridges,  as  -will  appear,  have  the  ends  raised 
before  being  subjected  to  travel ;  but  even  for  such  it  is  proper,  unless  the 
draw-tenders  are  under  rules  no  whit  less  strong  than  military  rules,  to 
allow  for  the  case  where  travel  goes  upon  the  bridge  before  the  draw-tender 
has  lifted  or  sufficiently  lifted  the  ends  of  the  draw;  in  other  words,  always 
to  take  the  reactions  at  the  ends  for  the  empty  bridge  just  equal  to  0  in 
calculating  Case  II.  We  shall  have,  then,  the  reactions  at  the  ends  due  to 
a  load  equal  to  the  live  load  of  the  bridge  -j-  snow  load  acting  on  a  gii'der 
continuous  over  four  supports,  or  to  be  derived  from  equations  51-76, 
for  the  several  kinds  of  loading  and  proportions  of  length  of  spans  one  to 
the  other.  To  the  centre  reactions  derived  from  these  equations,  add  the 
weight  of  each  half  girder,  to  get  the  total  reactions  at  the  two  central 
supports. 

These  two,  T.  and  //. ,  constitute  all  the  cases  of  symmetrical  loading,  and 
we  next  take  up  the  more  numerous  cases  of  unsymmetrical  loading.  This 
leads  at  once  to  a  discussion  of  the  manner  of  support  of  the  two  central 
supports  (of  the  nature  of  the  turtle,  that  is  imder  the  elephant,  that  sup- 
ports the  world).  We  shall  distinguish  two  sub-cases  :  (a)  when  the  two 
central  supports  remain  firm,  the  same  as  though  they  rested  upon  a  solid, 
inelastic,  stone  pier,  or  as  though  the  draw  took  bearing  upon  the  circular 
girder,  which  in  turn  rests  upon  the  "live  ring";  and  (6)  where  the  live 
ring  is  not  considered  as  offering  support,  and  the  whole  weight  is  thrown, 
by  suitable  framing,  upon  the  centre  pivot.*  It  will  be  readily  seen,  also, 
that  any  deflection  that  may  occur  in  this  "  framing  "  maybe  neglected:  we 
have  but  to  lower  the  end  supports  an  amount  equal  to  this  deflection,  to 
render  it  entirely  nugatory. 

For  equal  outside  spans,  which  alone  it  will  be  necessary  to  discuss, 
(unequal  spans  ai«e  treated  just  like  equal  ones,  only  that  the  short  span  is 
loaded  with  concentrated  loads  sufiicient  to  balance  its  deficiency  of  own 
weight),  there  will  arise  twelve  different  cases  of  unsymmetrical  loading, 
belonging  under  (o)  and  (6)  to  three  different  styles  of  drawbridge,  and 
according  as  the  snow  load  is  considered  or  not.  AVe  find,  namely,  that  for 
unsymmetrical  loading,  load  on  Am  {in  is  jioint  at  centre  of  bridge)  whether 
sub  («)  or  (/>),  we  very  often  get  the  reaction  at  D  first  =  0,  then  a  minus 
quantity.  That  is,  in  the  latter  event,  in  order  that  the  elastic  line  shall 
remain  in  contact  with  the  end  support  opposite  to  the  loaded  side,  the  light 
end  must  be  weighted  or  force  of  some  sort  must  be  applied  to  keep  it  in 

♦  In  some  drawbridges  the  centre  pivot  is  used  only  as  an  axis  of  rotation,  never  as  a  sup- 
port; in  sucli,  of  course,  the  cases  {h)  cannot  arise. 
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position.  In  the  absence  of  such  provision,  it  will  rise  or  "  kick  np,"  espe- 
cially if  the  loaded  end  is  not  very  firmly  supported.  Now  it  requires  but  a 
little  thought  to  see  that  so  and  so  many  tons,  suddenly  rising  |  inch,  1  inch, 
or  1^  inches,  &c.,  many  times  a  day,  and  as  suddenly  falling  again,  and  with 
notliing  else  to  spend  their  work  upon,  are  only  so  many  foot-pounds  assid- 
uously laboring  to  destroy  the  bridge  or  the  piers.  Such  a  structure  par- 
takes too  much  of  the  nature  of  a  tilt-hammer  to  be  entirely  satisfactory  as 
a  permanent  drawbridge.  Upon  taking  up  therefore  the  question  as  to  how 
to  prevent  this  tipping,  we  find  two  methods  in  practice,  the  first  long  in 
use,  the  second  apparently  for  the  first  time  used  by  Mr.  Charles  Macdonald 
of  New  York.  They  may  be  likened  to  the  two  methods  at  command  for 
preventing  a  horse  or  an  ox  or  a  man  from  kicking.  One  way  -would  be  to 
fasten  his  heels  to  the  floor,  the  other  to  lift  them  up  so  high  that  any 
attemj)t  to  kick  would  indeed  diminish  the  strain  upon  the  chords  that  held 
said  heels  up,  but  would  never  result  in  their  going  any  higher.  In  the  same 
way  may  be  managed  this  restive  end  of  unsymmetrically  loaded  drawbridges: 
it  may  either  be  lifted  up  so  high  that  the  reaction  D  shall  under  no  case  of 
loading  become  either  equal  to  0  or  a  minus  quantity,  or  it  may  be  fastened 
down,  this  last  being  Mr.  Macdonald's  way. 

As  previously  remarked,  and  as  often  found,  the  ends  may  also  be  left 
free;  and  we  have  therefore  the  above-stated  twelve  cases  (two  of  each  kind, 
according  as  we  consider  the  snow  load  or  not)  of  unsymmetrical  loading  as 
follows:  — 

Case  Til.  (a)  ends   free,    on    firm    central    supports. 
„     ///.  (b)     ,,         ,,        ,,     pivoted    ,,  ,, 


IV.  (a)  ,,  latched, 

IV.  (A)  „         „ 

V.  (a)  ,,     lifted, 

V.  (b)  „         „ 


firm  , , 

pivoted  , , 

firm  „ 

pivoted  , , 


Case  III.  (a).  Let  us  again  so  place  the  end  supports  that  when  the  bridge 
is  empty  they  shall  be  just  in  contact  with  the  bridge,  no  more  and  no  less; 
that  is,  their  reactions  shall  equal  0.  Imagine  now  a  girder  so  supported, 
no  part  latched  down,  to  be  loaded  on  length  Am  (m  being  point  at  centre) 
with  dead-j- snow -|- live,  and  on  length  mD  with  dead -|- snow.  This  will 
generally  (it  may  be  proven  in  each  case)  give  the  maximum  absolute  strains 
in  the  chords  at  least.  It  would  be  relatively  more  severe  for  the  two  main 
spans  of  the  girder,  to  suppose  one  side  loaded  with  dead  -\-  snow  -|-  live, 
and  the  other  with  dead  only  ;  but  there  is  a  little  of  the  absurd  in  thus 
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supposing  a  bridge  only  haK  covered  with  snow,  and  at  the  same  time  it 
does  not  furnish  absolute  maxima.  We  take  therefore,  in  all  the  unsym- 
metrical  cases  of  loading,  for  maximum  strains,  dead -|- snow  4"  live  on  Am, 
and  dead  -j-  snow  on  7nD.  The  snow  load  has,  however,  an  important  effect 
in  forming  the  nature  of  the  end  reactions  and  of  some  of  the  webbing  in 
some  cases;  and  it  is  necessary  carefully  to  consider  the  bridge  with  and 
without  snow  upon  it,  as  it  may  easily  happen  that  a  bridge  that  is  firm  under 
snow  -|-  live  on  one  side,  and  snow  on  the  other,  becomes  tipping  and  unsatis- 
factory w'ith  the  snow  load  removed.  To  determine  the  nature  or  positions 
of  the  end  supports  and  in  some  cases  certain  members  of  the  webbing,  we 
therefore  calculate  all  the  unsymmetrical  cases  for  dead  -\-  live  on  one  half 
and  dead  only  on  the  other,  as  well  as  for  snow  added  to  each.  In  the  case  of 
panel  bridges  having  only  one  panel  over  the  centre,  half  the  centre  panel  load 
can  be  supposed  to  be  applied  at  the  inner  extremities  each  of  spans  A  B  and 
CD  :  if  there  should  be  more  panels,  the  formulae  will  easily  admit  of  being 
extended  to  cover  those  cases  also;  and,  for  plate  girders  and  uniformly 
distributed  loads,  the  load  on  centre  span  can  likewise,  if  desired,  be  taken 
into  account,  so  as  to  make  in  all  the  unsymmetrical  cases  the  load  on  just 
half  the  length  of  the  girder. 

To  resume,  then,  the  special  case  under  consideration,  we  have  a  girder 
on  four  supports,  unequally  loaded  (Fig.  2),  and  B  and  C  higher  than  A  and 
D  by  an  amount  just  equal  to  the  deflection  of  the  bridge  under  its  own 
weight  when  resting  on  B  and  C  alone,  no  matter  what  the  exact  depth  of 
such  deflection  be  in  decimals  of  a  foot  or  inches. 


First,  take  the  action  of  the  bridge  under  its  dead  load  only.  Reactions 
at  B  and  C  are  each  equal  to  half  of  dead  on  whole  girder.  Now  place 
end  supports  in  contact.  For  all  future  loadings  the  bridge  is  equivalent 
to  a  straight  girder  on  level  piers.  Add  snow -[-live  on  Am  and  snow 
only  on  mD.  Find  reactions  for  this  unsymmetrical  load  from  63-66 
(or  69  -72),  four  supports  on  a  level,  and  to  B  and  C  previously  found  add 
(algebi-aically)  the  new  B  and  C  for  the  final  B  and  C.  A  and  D  are  found 
at  once  and  directly.  Now  see  whether  C  and  D,  one  or  both,  are  plus  or 
minus.     We  can  have  both  plus  (a),*  C  minus  and  Z)  plus  (^),  (Z)  minus 


*  Equivalent,  if  D  is  large  enough,  to  Cate  V.  (a). 
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and  C  plus  is  impossible),  and  both  minus  (y).  If  ( ,),  the  above  calculation 
was  correct;  if  (,:i),  it  is  a  case  of  two  unequal  spans  AB  and  BD.  Start 
anew  (Fig.  o)  this  time  with  the  whole  of  the  dead  load  of  the  whole  girder 
onB. 

m 


But,  if  put  in  that  position,  it  would  need  still  another  force  or  better 
couple  to  keep  it  there,  since  BD  is  longer  than  AB,  and  the  dead  load  is 
supposed  to  be  symmetrical  about  m.  Such  a  balancing  couple  could  be 
applied  at  A  downwards  like  a  load,  and  at  B  upwards  like  a  reaction,  —  that 
is,  diminishing  any  A  to  be  found  hereafter,  and  as  much  increasing  B;  or  at 
D  upwards  and  B  downwards,  —  that  is,  increasing  any  D  to  be  found  here- 
after, and  as  much  diminishing  B  ;  or  finally  at  both  A  and  D,  with  the  same 
respective  characteristics.  Such  force  is  without  doubt  applied  at  both  A  and 
D;  and,  to  find  it,  we  must  first  see  how  much  of  the  unsymmetrical  load  on 
Am,  when  the  supports  are  as  in  ///.  (a)  (,),  will  just  make  C=:0,  which 
can  be  done  from  63-66.  For  this  much  of  the  unsymmetrical  load  and 
dead -f- snow  load,  the  reactions  are  as  in  III.  (a)  (a);  for  the  balance  of  the 
unsymmetrical  load,  they  are  according  to  32-34  (or  43-45),  for  two  un- 
equal spans  AB  and  BD.  This  is  evidently  a  rare  case,  and  moreover  moves 
between  very  narrow  limits  of  possibility.  It  would  require  a  proportionally 
very  large  live  load,  and  peculiar  ratios  of  loads  and  lengths,  to  produce  such 
a  case  :  it  is  given,  however,  for  the  sake  of  completeness,  and  well  illustrates 
the  general  adaptability  of  the  method  of  separating  the  effect  of  combina- 
tions of  loads  into  the  effects  of  certain  elements  of  the  same. 

Case  III.  (a)  (y).  If  both  C  and  D  are  minus  (Fig.  4),  it  is  a  case  of 
one  span  and  an  overhanging  arm  BD.     We  now  have  again  the  whole  of 


the  dead  load  upon  Z?,  and  the  reactions  required  to  balance  it  about  B  can 
be  applied  at  A  and  B  only.    These  will  tend  to  diminish  any  future  A,  and 
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will  equally  increase  B.  The  snow  will  now  act  precisely  as  does  the  dead, 
and  the  live  will  be  distributed  between  A  and  B  according  to  the  simple  and 
well-known  laws  of  the  lever.  Necessarily  A  and  B  are  the  only  reactions. 
Tliis,  again,  is  a  rare  case,  and  requires  still  greater  live  loads  in  proportion 
to  the  dead  load  and  snow.  Equations  to  meet  ///.  (a)  (/3  and  y)  could  be 
evolved  by  introducing  the  conditions  C,  or  C  and  D,  =  0,  and  the  known 
values  of  moments  that  that  implies,  in  the  equations  of  the  elastic  line. 
See  book  of  Weyrauch,  often  cited. 

Case  III.  (i).  —  Fig.  5.  The  end  supports  are  so  placed,  that  for  the 
empty  bridge,  they  shall  again  be  just  in  contact:  dead -}- snow -|- live  on 
Am;  dead -|- snow  on  jnX).  For  the  dead  load,  iJ  and  C  again  each  equal 
half  dead  load  of  whole  girder.  Now  find  A,  B,  C,  and  D  from  89-91  for 
live  on  Am,  nothing  on  mD;  also,  A,  B,  C,  and  D  for  snow  over  whole 


bridge  from  63-66  (four  supports  on  a  level).*  C  cannot  now  be  a  minus 
quantity:  it  must  equal  B,  in  order  that  there  shall  be  equilibrium,  and 
there  remains  only  to  see  whether  D  is  or  not.  If  plus  (a),  the  reactions 
found  are  correct;  if  minus  (/3)  (Fig.  G),  take  first  again  B  and  C  each 
equal  half  dead  load  of  girder.  Then,  snow  over  whole  girder  from  63-66 
(four  level  supports),  then  find  (from  89-91)  what  part  of  live  will  just 


0  =  0 


make  D  equal  to  0.  The  reactions  for  that  part  are  found  from  89-91; 
those  for  the  balance  of  live  from  93-94.  Or,  a  shorter  way,  take  first 
dead  on  B  and  C    If  now,  in  such  a  pivoted  girder,  forces  2P  on  AB 


*  The  two  operations  just  described  witli  different  formulse  could  be  done  in  one  operation 
and  liy  only  one  Bet  of  formulse  by  introducing  into  89  —  91  the  terms  for  loads  on  mD  as  well 
as  on  Am  only. 
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cause  D  to  become  =:0,  that  part  of  the  symmetrically  distributed  load 
which  is  on  CD  will  just  balance  the  part  on  ABj  about  the  pivot  under 
B  and  C,  which  will  leave  the  IP  acting  only  according  to  93-94  on 
A ,  B,  and  C,  and  the  symmetrical  loads  must  all  rest  in  equal  parts  on 
B  and  C. 

Case  IV.  (a).  —  Fig.  7.  The  end  supports  are  so  placed  that  for  the 
empty  bridge  they  are  just  in  contact.  Centre  supports  firm.  Ends  latched 
down.  Loading  as  before.  We  have,  first,  half  of  dead  on  B  and  C  respec- 
tively.    From  63-66  find  A,  B,  C,  and  D  for  snow  -f-  live  on  Am,  snow 


BUT  DWY     0    WHEN  W 

COHT/icr    mint 
tuppaai  \ 


only  on  mD,  and  add  middle  terms  to  B  and  C  ah'eady  found.  It  matters 
not  now  whether  the  resultant  D  be  plus,  minus,  or  0  :  in  either  event  there 
is  a  body  at  hand  to  produce  the  needed  reaction.  If  C  is  plus  (a),  the 
reactions  are  correct;  if  C  is  minus  (/3),  Fig.  8,  it  is  again  a  case  of  two 
unequal  spans,  AB  and  BD.      Start  again  with  B  and  C  each  equal  to 


half  of  dead  on  whole  girder.  Find  and  sum  u-p  A,  B,  C,  and  D  for  snow 
on  whole  girder,  from  63-66;  now  find  what  part  of  live  on  .4/71  will  make 
C=0  from  63-66;  that  part  will  produce  reactions,  also  to  be  found  from 
63-66,  the  balance  will  act  on  A  and  B  only,  according  to  equations 
32-34,  for  loads  on  two  unequal  spans.  This  also  may  be  consider^  as  a 
rare  case  in  actual  practice.  The  minus  values  of  D  will  show  the  necessary 
strength  of  the  latching  apparatus.* 


*  The  latcliing  apparatus  must  be  constructed  to  resist,  also,  a  strain  that  will  arise.  One  to 
a  difference  of  temperature  in  the  two  chords,  tending  to  raise  the  bridge  ends,  i.e.  top  chord 
warmer  than  bottom  chord.  See  C.  Shaler  Smith's  paper  cited  below.  The  effect  of  general 
changes  of  temperature  on  the  strains  and  shapes  of  trusses  is  very  lucidly  treated  in  Ritter's 
book,  cited  in  the  appendix;  and  a  study  of  the  principles  of  the  same  would,  no  doubt,  soon 
lead  to  the  method  to  be  followed  in  computing  the  strains  and  changes  produced  by  a  differ- 
ence of  temperature  between  the  two  chords  of  a  bridge. 
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Case  IV.  (b). — Fig.  9.  The  end  supports  as  before.  Centre  supports 
pivoted.  Ends  latched  down.  Loads  as  before.  We  have,  first,  half  of 
dead  on  B  and  C  respectively ;  then,  for  snow  on  girder,  A,  B,  C,  and  D, 


FiS.9. 


[p.^±Dn  catmmiiiUL  oj 


to  be  found  from  63-66;  also  live  on  Am,  with  nothing  on  niD,  A,  B, 
C,  and  D,  to  be  found  from  89-91;  sum  up,  and  we  have  the  final 
A,B,  C,  andZ>. 

The  relative  merits  of  IV.  and  V.  it  is  proposed  to  discuss  further  on. 

Case  V.  (a).  End  supports  on  such  a  level,  relatively  to  B  and  C,  that 
they  are  more  than  high  enough  to  prevent  either  A  or  D  from  ever  being 
=  0.  Centre  supports  firm.  Loading  as  hitherto.  Now  as  to  the  amount 
the  ends  should  be  lifted.  The  only  object  of  lifting  them  can  be  either  to 
prevent  what  we  have  called  the  "  kicking  "  of  the  light  end  or  to  regulate 
the  strains  over  the  centre.  We  have  to  deal  with  the  first  only  at  this 
time.  Find,  therefore,  with  what  loading  of  the  whole  girder  the  light  end 
reaction  is  just  equal  to  0,  when  the  heavy  side  is  loaded  with  its  maximum 
moving  or  live  load,  and  then  make  the  end  reactions  =:  0  at  a  loading 
greater  than  this,  so  as  to  attain  a  certain  factor  of  safety  against  sixch  an 
occurrence.  This  subject  is  treated  of,  for  both  the  case  of  the  pivoted 
draw  and  of  two  unequal  spans,  in  §§  13  and  14  of  Part  11.  To  illusti-ate, 
in  the  numerical  example  V.  (b),  if  the  ends  are  raised  (see  §  13),  so  that 
2.24  tons*  per  panel  react  on  ^,  JS,  C,  and  D,  as  a  girder  continuous  over 
four  supports,  with  B  and  C  pivoted,  it  will  make  D  equal  to  0,  when  Am 
is  in  addition  loaded  with  12.0  tons  per  panel.  In  such  a  case  we  would 
take,  say  3  tons  per  panel,  as  the  uniform  load,  of  which  the  end  supports 
must  carry  their  due  share,  in  order  that  the  live  load  on  Am  shall  never 
cause  D  to  equal  0.  And  it  may  be  noted  here  that  railroad  bridges,  sub- 
ject to  having  trains  move  over  them  at  a  high  rate  of  speed,  would  need  a 
larger  factor  of  safety  against  this  occurrence  than  roadway  bridges. 

Li  our  calculations  we  therefore  take  the  end  reactions  equal  to  0,  when 
the  skeleton  lines  of  the  girder  are  loaded  with  the  own  weight,  minus  the 

*  Wherever  the  word  "  ton  "  is  used  in  this  paper,  it  means  2,000  lbs. 
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•weight  selected  as  above,  which  we  will  call  s  (for  stability),  and  proceed.* 
Just  as  s  must  now  always  make  D  plus,  it  can  and  should  be  required  to 
always  keep  C  plus.  The  case  is  therefore  analogous  to  ///.  (a)  (a),  only 
substituting  dead  —  s  for  dead,  and  snow -|- live -J- *"  for  snow -f- live,  and 
similarly. 

Case  V.  yb).  End  supports  lifted  a  certain  amount  higher  than  for 
I. -IV.  Centre  supports  pivoted.  Loading  as  hitherto,  sis  found  from 
§  12,  Part  II.,  which  reduces  this  case  to  ///.  (h)  (a).  Or  find  A,  B,  C, 
and  D  from  63-66  (two  central  supports  pivoted),  for  snow -{- live -|- s  on 
Am  and  snow  -]-  s  on  mD.  D  will  surely  be  plus,  if  s  has  been  taken  right, 
and  after  adding  half  (dead — s)  on  whole  girder,  to  B  and  C  each,  we  have 
the  final -4,  5,  C,  and  Af 

§  5.  Practical  Considerations  in  selecting  the  kind  of  Sup- 
ports FOR  Drawbridges.  —  The  subject,  as  left  in  the  last  section,  is 
perhaps  seemingly  complex,  but  seemingly  only.  We  had  in  all :  /.,  //., 
///.  (rt)  {a,^,  &  y).  III.  {h)  (a  &^),  IV.  («)  (a  &^),  IV.  (&),  V.  (a)  (a  &/3), 
and  V.  (i),  —  that  is,  fourteen  cases,  or,  adding  those  without  snow,  twelve 
more,  in  all  twenty-six  cases  ;  but  this  is  only  because  of  the  generality  of 
the  treatment  of  the  subject,  which  adapts  it  to  all  cases  of  double  centre 
post  drawbridges  that  may  occur.  All  those  marked  ///.,  in  all  ten  cases, 
need  never,  and  it  is  advised  should  not,  occur,  or  at  least  reduce  to  V. ;  that 
is,  have  D  equal  plus.  For  any  particular  loading  and  form  of  truss,  only 
one  of  a,  /3,  or  y  can  ever  prevail,  and  the  choice  of  end  support  determines 
whether  to  use  IV.  or  V.  For  any  one  drawbridge,  therefore,  we  shall 
have,  generally,  only  four  cases  of  loading  to  consider  ;  and  if  it  is  desired 
to  calculate  for  both,  firm  centre  supports,  and  for  the  two  central  supports 
pivoted,  this  will  add  two  more  cases,  making  in  all  six. 

To  calculate  for  partial  loadings  of  any  one  span  will  not  be  necessary  for 
the  chords.  This  can  be  proved  mathematically:  numerical  proofs  can  be 
derived  from  the  equations  given,  for  the  construction  of  the  formulae  render 
the  introduction  of  a  single  load  at  any  point  or  distributed  loads  of  various 

*  s  may  be  taken  0,  or  even  a  minus  quantity,  as  far  as  tipping  is  concerned,  if  the  dead 
load  is  so  great,  in  comparison  to  tlie  live,  and  the  length  of  spans  are  so  proportioned,  that  the 
dead  alone  prevents  D  from  being  erjual  to  0.  This  weight  s  should  also  be  such  that  the 
raising  of  the  ends  due  to  it  will  make  D  plus,  when  the  draw  chords  are  unequally  affected  by 
temperature,  and  the  draw  ends  tend  to  rise  on  that  account,  that  is,  where  the  bottom  chord 
is  warmer  than  top  chord.    See  C.  Shaler  Smith's  paper  cited  below. 

t  It  is  projjer  to  remark  that  the  snow  load,  or,  more  exactly,  the  fact  that  the  snow  load 
reactions  are  not  equal  to  0,  when  the  bridge  is  shut,  have  introduced  a  triple  element  into  all 
the  unsymmetrical  loadings.  By  leaving  out  the  snow  load,  as  in  the  second  series  of  cases  of 
unsymmetrical  loading,  or  by  making  the  reactions  equal  0  with  the  snow  load  on,  the  several 
deductions  are  simplitied. 
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values  per  unit  over  any  length  in  any  position  an  easy  matter.  Instead  of 
2  P  substitute  for  distributed  loads/ jrfx  between  the  limits  that  the  load  q 
is  distributed.  In  case  of  the  webbing,  it  may  occasionally  be  advisable  to 
consider  the  spans  as  partially  loaded. 

Generally  speaking,  Case  I.  rules  the  strains  at  each  side  of  a  point  about 
\  the  length  of  the  two  end  spans,  measured  in  either  direction  froin  the 
centre  supports;  Case  II.  gives  maximum  strains  over  the  centre;  and  the 
unsymmetrical  cases  rule  the  dimensions  of  the  two  main  spans,  from  where 
Case  I.  leaves  off  to  the  two  ends  respectively,  and  the  strength  of  the  latch- 
ing or  position  of  end  supports  in  IV.  and  V.  There  may  be  some  question 
whether  it  is  wise  to  make  the  end  reactions  =:  0  for  the  empty  bridge  in 
Case  11.^  the  reason  for  which  has  been  explained  in  discussing  that  case. 
By  making  them  due  to  s,  or  still  more,  for  Case  II.,  we  decrease  the  strains 
over  the  centre,  and,  if  certainty  existed  that  the  bridge  would,  before  loading, 
be  always  supported  properly  at  either  end,  and  Case  II.  were  then  calculated 
for  reactions  at  ends  due  to  s,  Case  V. ,  which  follows  from  the  same  arrange- 
ment, would  have  an  advantage  over  Case  IV.  in  producing  less  chord  and 
web  over  the  centre.  If  this  certainty  does  not  exist,  and  //.  be  calculated 
for  end  reactions  equal  to  0,  IV.  and  V.  are  placed  on  an  equal  footing, 
as  far  as  centre  sections  are  concerned.  A  great  point  in  favor  of  IV.  is 
the  little  time  and  power  required  to  latch  the  ends,  as  compared  with 
that  needed  to  lift  them  ;  though  this  last  should  not  be  overestimated. 
The  power  required  to  lift  grows  from  0,  and  can  increase  as  high  as 
half  the  weight  of  the  girder,  if  the  bridge  be  lifted  off  its  centre  sup- 
ports. 

We  shall  see,  however,  in  a  numerical  example,  that  in  point  of  fact 
comparatively  little,  sometimes  no  lift,  is  required  to  keep  the  bridge  steady 
under  the  unsymmetrical  load,  according  as  the  centre  supports  are  pivoted 
or  firm  and  snow  on  or  off.  In  the  numerical  example,  when  pivoted  and 
with  snow  off,  it  is  necessary  to  have  the  end  reactions  due  to  a  distributed 
load  of  about  4.5  tons  per  panel,  or,  roughly  calculating  for  a  200  ft.  draw 
end  to  end,  about  |  of  25.  tons,  or  about  9.3  tons,  and  that  only  at  the 
end  of  the  lift.*  By  means  of  eccentrics,  toggle-joints,  or  any  other  of  the 
mechanisms  that  have  increasing  power,  such  a  final  pressure  is  easily  pro- 
duced. Such  an  increasing  and  rising  pressure  can  also  be  produced  by 
a  constant,  descending  counter-weight.     See   "  Zeitschrift  fiir  Bauwesen," 


*  In  the  numerical  calculations,  s  =  4.8  per  panel,  and  A  =  D,  when  bridge  ia  empty  =  2.9520 
-f  1.7712  +  3.1080  + 1.9188  =  9.84.    See  table  of  reactions. 
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Berlin,  1871,  plates  41  and  42,  or  also  "Engineering,"  Vol.  12  (1871), 
page  154.* 

lu  bridges  subject  to  frequent  opening  and  shutting,  "whatever  arrangement 
is  used  at  the  ends,  latch  or  lift,  should  be  operated  from  the  centre  of  the 
drawbridge  to  save  time. 

11 IV.  is  to  be  used  for  railroad  bridges,  it  must  be  carefully  constructed, 
and  the  bolt  that  serves  to  latch  the  draw  should  be  made  to  fit  as  exactly  as 
possible  in  its  socket,  or  all  "lost  motion"  be  taken  up  by  the  mechanism; 
if  there  be  any  j^lay-room  above  or  below,  it  would  allow  of  appreciable 
destructive  power  being  exercised  respectively  at  the  light  end  or  over  the 
centre  every  time  an  engine  runs  on  the  bridge. 

A  description  of  Mr.  Macdouald's  drawbridge  at  Point  Street,  Providence, 
R.  L,  250  ft.  long,  and  fitted  with  a  latching  apparatus,  may  be  found  in 
"Engineering,"  March  21,  1873,  p.  202. 

Whether  the  centre  supports  should,  in  the  calculation,  be  considered  as 
firm  or  pivoted  (a  or  b),  or  the  calculation  made  for  both,  the  construction 
of  the  bridge  must  determine.  Drawbridges  will  be  differently  constructed 
in  this  respect  and  in  that  of  the  manner  of  end  supports,  among  other  rea- 
sons, accordingly  as  they  are  more  or  less  frequently  opened.  lu  would  be 
an  approximation,  when  the  draw  rested  on  the  pivot,  to  consider  it  in 
effect  as  converted  into  a  girder  of  two  spans  only,  the  pivot  forming  the 
middle  support,  and  the  framing  over  the  pivot  part  of  the  truss, — but  an 
approximation  only,  as  may  be  jDroven.  In  a  case  of  si/mmeirical  loading 
of  AB  and  CD,  for  example,  (Fig.  10)  the  truss  is  evidently  a  case  of  three 

T\g.  10. 

continuous  spans.  If,  now,  the  reactions  A  and  D  are  calculated,  they  will 
be  found  less  than  if  calculated  supposing  the  truss  to  consist  of  iivo  spans 
only,  with  exactly  the  same  loading. 

And  the  reason  for  this  is  not  far  to  seek.  The  elastic  line  would  take 
the  shape  as  drawn  in  Fig.  11,  rising  higher  than  the  level  of  the  supports 

Fig.  II. 


*  The  same  apjiaratus,  together  witli  the  peculiar,  and  in  some  situations  admirable,  l;inil  of 
drawbridge  to  wliich  it  is  in  this  instance  applied,  is  fully  and  clearly  described  and  calculated 
by  Hilscler,  Civil  Engineer,  in  "Zeitschrlft  des  Archt.  and  Ing.  Vercins  zu  Hannover,"  18C9, 
p.  412.  The  form  of  draw  referred  to  is  made  without  any  "live  ring,"  and  the  pivot  is  used 
as  a  BUi>port  only  when  the  bridge  is  being  opened. 
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in  the  middle,  or  the  case  would  be  equivalent  to  the  one  of  two  spans,  ag 
sketched  in  Fig.  12,  where  the  centre  support  is  Jdfjher  than  the  end  supports; 


Fig.  12. 

"a" 


A B  C 

but  this,  we  know,  decreases  the  end  reactions,  showing  why,  for  a  girder  of 
three  sf)ans,  the  end  reactions  are  less  than  for  the  same  girder  considered  as 
composed  of  only  two  spans,  but  with  the  three  supports  on  a  level.  Both 
cannot  be  right,  and  from  the  above  three  spans  evidently  is.  Making  the 
end  reactions  less  involves  making  the  centre  ones  greater,  and  the  demon- 
stration just  given  is  as  apphcable  for  unsymmetrical  loads  as  it  is  for  sym- 
metrical. To  convert  the  girder  into  one  of  two  spans  only,  it  would  be 
necessary  to  give  it  only  one  centre  post,  or  arrangement  of  struts  equivalent 
thereto,  these  bearing  on  the  centre  pivot,  or  on  a  single  arm  framing  resting 
upon  the  same. 

§  6.  Strains  in  the  Girders. — It  may  seem  strange  to  some  readers 
that  no  word  has  yet  been  said  about  any  thing  but  finding  the  reactions  under 
the  girder,  as  though  that  constituted  the  whole  problem  of  the  calculation 
of  the  strains  in  continuous  drawbridges;  and  with  but  little  exception  it 
does.  The  reactions  once  found,  any  structure,  of  just  the  proper  degree  of 
strength  to  meet  them  and  the  loads  that  caused  them,  can  be  interpolated 
between  the  two,  without  the  slightest  difficulty  or  labor  other  than  that 
inherent  to  the  calculation  of  any  framed  structure,  if  the  right  way  be  only 
followed.  And,  as  this  has  been  written  for  the  purpose  of  contributing  to 
the  elucidation  of  the  construction,  more  especially,  of  panel  drawbridges, 
the  writer  ventures  to  remark  that  he  shall  not  consider  his  labors  to  have 
been  in  vain  if,  achieving  nothing  else,  he  will  awaken  in  the  minds  of  some 
of  his  readers  a  realizing  sense  of  the  beauty  —  that  seems  to  be  the  cor- 
rect appellation  to  apply  to  them  —  of  the  principles  used  by  Aug.  Ritter  * 
in  the  calculation  of  all  link  structures,  and  which  it  is  now  intended  to 
describe. 

To  understand  this  thoroughly,  let  us  return  to  first  principles  and  see 
what  a  framed  link  structure  really  is.  It  may  be  described  as  a  properly 
designed  skeleton  system  of  lines,  each  line  endowed  with  the  faculty  of 
exercising  muscular  or  elastic  force  in  both  directions,  each  line  pivoted 


*  Sec  Ritter's  book,  cited  in  Appendix.  In  Van  Nostrand's  "  Eclectic  Engineering  Maga- 
zine" for  1871,  pp.  136  and  332,  Ritter's  metliod  may  be  found  translated  and  described  for  two 
examples,  in  a  way,  however,  that  to  the  author  seems  devoid  of  appropriate  emphasis. 
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at  its  extremities,  and  then  acted  upon  in  !<pace  by  generally  only  vertical 
forces,  or,  including  roof-trusses,  by  vertical  and  horizontal  forces,  —  in  short, 
by  forces  in  the  plane  of  the  structure;  these  forces  are,  in  the  first  case, 
the  reactions  and  loads,  in  the  second  the  reactions,  loads,  and  force  of 
the  wind.  We  have  given  the  skeleton  lines,  the  loads,  and  points  of  api)li- 
cation,  and  the  points  of  application  of  the  reactions.  We  must  find  what 
has  been  called  above  the  muscular  force  required  to  keep  every  thing  in 
equilibrium,  and  the  only  way,  in  cases  of  continuous  girders,  to  do  this,  is 
by  first  finding  the  reactions;  and,  going  farther,  there  is  much  in  favor 
of  the  statement  that,  when  on  account  of  there  being  only  two  supports, 
as  in  case  of  single  spans,  the  laws  of  the  lever  (which,  however,  are 
only  a  special  case  of  the  elastic  line)  sufiice,  and  strains,  as  this  mus- 
cular force  is  more  frequently  called,  can  be  found  without  starting  from 
the  reactions,  the  latter  method  is  the  best,  simplest,  and  easiest  remem- 
bered. 

Taking  now  a  girder  as  above  described,  acted  upon  by  its  forces  (loads 
and  reactions),  and  considering  all  parts  in  equilibrium,  we  have  in  any 
section: — 

1.  The  sum  of  all  the  horizontal  components  each  side  the  section 
must  =  0,  or  2i/=0. 

2.  The  sum  of  all  the  vertical  components  each  side  the  section 
must  =  0,  or  2  F=0. 

3.  The  sum  of  all  tendencies  to  rotate  about  any  point  in  the  plane  of  the 
girder  —  that  is,  all  moments  —  must  =  0,  or  2  M=  0. 

Ritter's  simplification  consists  in  using  equation  3  only,  which  can  always 
be  done  by  merely  so  choosing  the  points  of  rotation  that  they  shall  be  situ- 
ated at  the  intersection  of  the  direction  of  two  out  of  thi'ee  forces  which  are 
being  investigated.  The  moments  of  two  thus  become  0,  and  there  is  left  a 
simple  equation  for  the  value  of  the  third.  The  general  enunciation  of  the 
principle  is  this:  Conceive  a  section  of  the  girder,  taken  in  such  manner 
that  it  shall  cut,  if  possible,  only  three  members,  and  imagine  the  forces 
A',  F,  and  Z  applied  at  the  section,  in  the  line  of  these  members,  and  rep- 
resenting the  strains  in  them.  For  that  part  of  the  structure  which  lies  at 
either  side  of  the  section  write  the  equation  of  moments,  and  so  choose  the 
point  of  rotation  that,  in  determining  X,  the  point  of  intersection  of  the 
directions  Y  and  Z  is  taken ;  in  determining  Y,  that  of  X  and  Z,  and  in 
determining  Z  that  of  X  and  Y. 
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For  example,  take  a  roof  truss  (Fig.  13) :  - 


Z)=:  reaction,  P  and  Q  are  loads,  X,  Y,  Z  strains  required,  a;,  y,  and  z 
lever  arms.  Moments  with  the  motion  of  the  hands  of  a  clock,  -f-i  against 
it,-. 

1.  About  ^,  intersection  of  Z    and    F, 

Xx  —  P.  CE_-\- D.  AE  =  0, 

„       P.CE  —  D.AE 
or  A  = 

X 

2.  About  A ,  intersection  of  X    and    Z, 

—  Yy-{-P.AC+Q.AE  =  0, 

^      P.AC+Q.AE 
or  Y  = i—^ . 

y 

3.  About  H,  intersection  of  X    and    Y, 

—  Zz—QEL  —  P.  CL-\-  D.  AL  =  0,  ' 

„      D.AL  —  Q.EL  —  P.CL 

OT   Z  :^ . 


Where  a  member  cannot  be  cut  by  a  section  cutting  only  two  others,  it 
will  always  be  possible  (unless  there  is  a  redundance  of  members,  and  that 
means  indeterminate  strains  and  bad  construction)  to  cut,  if  there  are  four 
together,  some  one  of  them,  if  five,  two  of  them,  &c.,  by  a  section  taking  in 
only  three  members  ;  and,  their  strains  once  determined,  they  can  be  used  as 
known  forces  in  getting  the  others  of  the  same  group.  Or,  any  number  all 
meeting  in  one  point  and  one  more,  may  be  cut,  and  the  strain  of  this  odd 
one  determined ;  it  being  remembered  that  the  section  may  be  taken  in  any 
direction,  straight  or  curvilinear.  For  trusses  with  parallel  chords  the 
demonstration  is  still  correct;  we  have  but  to  inti-oduce  co  as  the  distance  at 
which  the  chords  meet,  and  it  will  be  found  that  the  oos  all  cancel  out,  leav- 
ing easily  remembered  equations  and  forms  of  equations. 
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This  constitutes,  in  fact,  the  whole  method,  which  needs  but  to  be  tried 
to  be  ajipi'eciated.  Its  advantages  are,  jirimarily,  that  it  tlirows  aside  all 
burdens  ujjon  the  memory,  in  the  shape  of  special  rules  for  special  cases,  rules 
for  each  different  kind  of  roof  or  bridge  truss,  not  to  mention  a  set  of  rules 
for  variations  of  one  and  the  same  kind  of  girder.*  Tlie  advantage  of  this  it 
is  difficult  to  overestimate;  it  exceeds,  if  any  thing,  the  value  of  the  well-known 
Napier's  rules  in  Spherical  Trigonometry.  Another  value  lies  in  the  readi- 
ness with  which  the  strain  on  any  one  member  can  be  calculated  independently 
from  that  on  any  other;  and,  finally,  in  simple  trusses,  in  being  able  to 
recognize  at  a  glance,  from  the  form  of  the  equation  for  the  strain  on  each 
member,  what  loads  diminish  and  what  loads  increase  the  same  ;  that  is, 
under  what  loading  it  is  maximum  or  minimum.  The  numerical  examples 
have  all  been  worked  according  to  Ritter,  and  the  reader  is  referred  to  them 
(and  more  especially  to  Ritter's  book)  for  more  on  this  branch  of  the  sub- 
ject. In  the  cases  of  finding  the  strains  on  the  diagonals,  it  is  frequently 
simpler  to  choose  the  first  of  the  equations  of  equilibrium  written  above, 
instead  of  Ritter's  method  ;  that  is,  after  having  fou'id  the  chord  strains, 
by  remembering  that  the  horizontal  components  must  equal  0,  the  diagonal 
strain  becomes  merely  the  horizontal  component  of  the  strain  in  one  chord 
minus  that  of  the  strain  in  the  other,  multijjlied  by  the  secant  of  the  angle 
the  diagonal  that  connects  them  makes  with  the  horizon,  and  it  is  of  the 
kind  of  sti*ain,  tension  or  compression,  according  as  needed  for  equilibrium. 
If  the  two  chords  are  unlike,  it  always  has  the  same  quality,  t.  or  c,  as  the 
smallest;  if  both  chords  are  alike  (happens  in  Warren  girder),  the  quality 
is  opposite  to  that  of  the  chords,  and  must  equal  their  sum  instead  of 
difference. 

Plate  girders  are  not  specially  treated  of  in  this  paper;  nothing  new  is  to 
be  said  of  their  calculation,  and,  by  getting  equations  for  moments  from  the 
reactions,  the  curves  of  moments  (and  lines  of  shear  from  reactions)  are 
easily  drawn,  and  calculations  of  sizes  of  parts  made  as  well  known  and  long 
used.  The  value  of  plate  girders  for  drawbridges  is  seriously  diminished 
by  the  large  surface  they  expose  to  the  force  of  the  wind.  Cases  are  not 
wanting,  where  such  bridges  have  been  blown  off  the  centre  pier  or  have 
shut  with  such  force  as  to  break  the  centre  pivot,  i&c.  For  large  spans 
especially,  their  use  must  be  decidedly  condemned. 

§  7.  Practical  Considerations  as  to  Choice  of  Form  and  System 
OF  Truss,  Turn-tables,  and  Centre  Pivots;  and  in  Conclusion. — 

*  Most  of  these  rules  are,  moreover,  of  the  perplexing  kind,  sometimes  known  as  "  sink  or 
Bwim  "  rules;  i.e  ,  the  answer  sought  is  found  in  one  of  two  ways,  but  you  cannot  toll  which. 
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Laissle  and  Schuebler,  in  tlioir  work  of  1870,  give  at  the  close  a  digest  of 
16  typical  iron  bridges  that  were  built  between  1855  and  1870,  of  all  con- 
ceivable shapes  and  forms,  both  as  regards  chord,  web,  position  of  platform, 
number  of  trusses  and  cori'esponding  number  of  tracks ;  two  of  them  contin- 
uous over  three  spans;  in  fact  no  two  alike,  reducing  them  all  to  the  same 
strain  per  unit  of  section,  under  the  same  load  per  unit  of  length.  The 
result,  if  hitended  as  an  exhibition  of  the  superiority  of  one  style  over 
another,  is  entirely  nugatory,  with  the  single  exception  tliat  it  is  clearly 
1f)etter  to  support  two  tracks  on  two  trusses  only,  than  it  is  to  support  them 
on  three  or  four.  The  authors  arrive  at  the  conclusion  that  the  economy  of 
each  bridge  depends,  not  on  the  choice  of  any  one  from  among  the  dozens 
(hundreds  it  might  almost  be  said)  of  good  styles  of  skeleton  outlines  of 
chord  and  web  that  are  fit  to  be  used  in  any  given  locality,  but  on  the  skill 
of  the  constructor  in  each  particular  case;  but  this  again  is  resolved,  almost 
wholly,  into  that  of  reducing  to  a  minimum  that  part  of  the  wciglit  of  the 
bridge  which  is  literally  "  dead"  weight,  —  that  is,  carries  no  load,  does  not 
exercise  muscular  energy,  and  is  only  so  much  apoplectic,  adipose  tissue. 
Again,  every  member  necessarily  brings  with  it  into  the  bridge  more  or  less  of 
this  very  dead  weight ;  the  less  members,  therefore,  other  things  being  equal, 
the  better  the  bridge,  the  more  load  it  will  carry  with  the  same  total  weight 
of  material  in  it,  or,  conversely,  the  less  material  it  will  require  to  carry,  a 
given  load.  The  rules  for  a  choice  of  system  for  drawbridges  will  not  be 
different  from  those  for  single  fixed  spans,  with  some  few  exceptions,  due  to 
reversal  of  strains  from  c.  to  /.,  and  vice  versa. 

At  first  sight,  it  might  seem  as  though  the  height  of  the  truss  should  be 
in  a  very  different  proportion  to  the  span  in  draw  from  what  it  is  in  fixed 
bridges;  because,  wheu  the  draw  is  open,  the  span,  of  which  each  side  rep- 
resents half,  is  in  fact  double  that  of  the  doubly  supported  single  span,  of 
equal  moment.  It  must  not  be  forgotten,  however,  that  when  it  is  in  this 
position  the  bridge  is  not  loaded.  Taken  altogether,  therefore,  about  the 
same  proportions  of  height  to  span  will  obtain  in  continuous  as  in  single 
spans,  though  with  a  leaning  towards  greater  height  in  drawbridge  spans 
than  in  single  spans  of  equal  length.  In  a  recent  competition  for  a  draw 
200  ft.  over  all  and  for  two  fixed  spans  each  121  ft.  long,  the  same  designer 
made  only  $G60  difference  in  favor  of  21  ft.  trusses  as  against  trusses  15  ft. 
high,  on  a  bid  for  the  latter  hei^t  of  $50,560.     Perhaps  Mr.  Baker's*  in- 


*  On  tho  Strengths  of  Beams,  Columns,  and  Arclies.    B.  Baker,  iondon.    E.  and  F.  N. 
Spon,  1870. 
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vestigation  as  to  the  proper  height  of  single  span  trusses  and  plate  girders 
could  be  extended  to  the  consideration  of  continuous  spans  also. 

In  continuous  drawbridges,  more  tlian  in  single  spans,  the  defects  of  sep- 
arate counter-bracing  become  apparent.  It  is  very  much  a  question  Avith 
the  writer,  whether  separate  counter  braces  and  ties  have  not  been  used  far 
too  often  in  all  structures,  wooden  or  iron,  but  especially  in  the  latter.  A 
member  that  will  resist  both  tension  and  compression  can  nearly  always  be 
made  to  weigh  less  than  one  to  resist  compression  or  tension  running  in  one 
direction,  added  to  its  counter  of  like  quality  running  opposite  to  it,  especially 
when  we  have  regard  in  the  two  cases  to  the  useless  dead  weight  above  spoken 
of.  In  the  way  indicated,  —  that  of  introducing  members  capable  of  resist- 
ing both  /.  and  c,  wherever  they  are  liable  to  exchange  of  strain,  —  any  kind 
of  truss  can  be  made  to  dispgise  with  the  customary  counters  and  their  extra 
weight.*  This  is  recommended  in  all  continuous  spans,  drawbridges  in- 
cluded. In  case  of  wooden  trusses  also,  an  iron  rod  parallel  and  beside  the 
wooden  strut,  so  as  to  make  a  counter-tie  instead  of  counter-brace,  would 
probably  make  a  good  wooden  continuous  truss. 

A  point  to  be  careful  about  also  is  that  of  either  superfluous  or  deficient 
membei's.  The  numerical  example  is  one  sent  in  in  a  recent  competition  for 
a  drawbridge,  slightly  altered.  As  first  designed,  the  end  panels  were  as  in 
Fig.  14,  the  dotted  line  representing  a  tie  rod.     Now  when  such  a  truss  is 


latched  down,  which  is  equivalent  to  putting  a  concentrated  load  on  A ,  it 
will  exert  compression  on  the  piece  T.  T  cannot  take,  however,  even  the 
compression  due  to  the  loading  on  its  own  system,  being  only  a  rod,  and 
should  be  made  so  as  not  to  suffer  from  such  compression,  by  haring  a  link 
in  it,  or  by  being  passed  loosely  through  the  top  or  bottom  chord,  &c.  But, 
when  thus  cleared  of  compression,  the  minus  reaction  at  A,  which  should 


*  It  is  curious  sometimes  to  sec  counters  introduced  where,  in  point  of  fact,  tliey  appear  like 
"cats  in  a  strange  garret."  A  "Post"  truss,  for  example,  is  nothing  but  a  Warren  girder 
whose  struts  and  ties  are  at  an  unequal  angle  with  the  horizon;  and  this  web,  instead  of  being 
made,  like  all  other  Warren  girders,  to  take  either  t.  or  c.  at  the  centre  of  the  truss,  is  fitted  out 
■with  counters  in  the  shape  of  tension  rods.  They  are,  however,  more  proper  here  than  in  some 
other  cases,  owing  to  the  great  lengtli  of  the  regular  tension  members,  which  without  them 
■would  have  to  be  mxide  to  resist  compression  also. 
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poi'vade  the  whole  webbing,  can  act  on  one  system  only,  the  one  drawn  in 
double  lines,  which  must  be  characterized  as  undesirable.  For  this  reason 
the  end  has  been  changed  as  in  Fig.  15.     Each  system  can  now  take  any  load 


or  reaction  due  to  its  own  loading,  and  the  end  post  belongs  to  the  second 
system,  the  one  drawn  in  single  lines.* 

A  valuable  paper  on  turn-tables  and  pivot  centres  by  C.  Shaler  Smith  will 
be  found  in  the  July  number,  1871,  of  the  "  Transactions  of  the  American 
Society  of  Civil  Engineers."  The  data  given  there  are  probably  unexcelled 
by  those  to  be  found  scattered  in  the  descriptions  of  various  drawbridges. 
It  is  more  such  data  that  the  profession  is  sadly  in  need  of. 

In  the  same  number,  Mr.  Macdonald  cites  an  equation  from  the  ("  Journal 
of  the  Society  of  (ierman  Engineers  ")  Zeitschrift  des  Vereins  Deutscher  In- 
genieure,  Berlin,  April,  1874,  for  the  safe  pressure  on  bearing  rollers.  The 
same  subject  may  also  be  found  analytically  treated  by  Jules  Gaudard,  in 
"Etudes  comparatives  de  Divers  Systemes  de  Fonts  en  fer,"  quoted  in 
Spon's  Dictionary  of  Civil  Engineering,  p.  789,  and  in  "Winkler's  book, 
cited  in  the  Appendix. 

The  writer  makes  no  apology  for  the  length  of  this  paper  or  of  any 
formulae  to  be  found  in  it.  There  is  no  "  royal  road  "  to  the  calculation 
of  the  strains  in  continuous  girders,  and  the  methods  described  in  this 
paper  are  believed  to  be  an  improvement  upon  and  are  shorter  than  any  of 
the  exact  modes  of  calculation  that  have  come  under  the  author's  notice. 
It  has  been  to  him  a  pleasant  task,  though  task  it  was.  But  there  is  no 
branch  of  engineering  so  cleanly  cut  and  finely  moulded  in  its  results  as 
this  of  finding  the  strains  in  framed  structures.  The  reactions  must  first 
be  equal  in  algebraic  sum  to  that  of  the  total  loads;  then,  around  any 
point  of  meeting  of  the  several  members  in  the  structure  the  vertical  com- 
ponents up  must  j  ust  balance  those  doivn  :  those  to  the  right  must  balance 
those  to  the  left;  and  any  member  cut  in  two  must  I'eveal  in  its  interior 
an  elastic  or  muscular  force  that  will  prevent  revolution  about  that  point 


*  There  is  still  in  this  arrangement  some  indeterminateness;  viz.,  the  absolute  direction  that 
the  reaction  at  A  will  take,  whether  up  the  end  post  or  the  first  strut  or  what  i)art  on  each. 
This  is  a  defect  common  to  all  multiple  systems  of  web,  but  is  not  of  serious  importance. 
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around  which  the  parts  of  the  structure  tcould  rotate,  but  for  the  duty  by  it 
performed.  And  the  members  and  reactions  must  do  all  this,  if  need  be, 
to  any  desired  place  of  decimals,  just  as  in  the  ledgers  of  some  stately 
mercantile  house  the  separate  accounts  and  the  trial  balances  must  all  foot 
up  equally  on  both  sides  to  the  fraction  of  a  cent.  The  principles  involved 
in  the  one  case  are  no  more  certain  to  produce  the  desired  results  than  those 
upon  which  hinges  the  other;  and,  if  those  clear  results  are  not  forthcoming, 
it  is  but  a  case  of  human  error  or  imperfection.  The  principles  remain, 
perfect,  immutable,  and  eternal. 


PART  II. 

§  8.  Introductory  to  the  Mathematical  Investigations.  —  The 
arrangement  of  this  Essay  is  intended  to  be  such  that,  while  the  argument 
is  all  to  be  found  in  Part  I.,  and  its  application  illustrated  in  Part  III., 
Part  II.  shall  contain  only  the  mathematical  demonstrations,  or  the  deriva- 
tion of  the  formulae  presented  for  use,  and  used  in  Parts  I.  and  III.  The 
reader  that  is  prepared  to  accept  these  formulae  on  faith,  therefore,  need  not 
read  Part  II.  at  all,  but  will,  it  is  expected,  find  in  the  remainder  of  the 
paper  sufficient  to  enable  him  to  design  any  revolving  drawbridge.  Those 
that  seek  for  mathematical  proof  will  find  the  basis  of  Part  II.  in  the  work 
of  Weyrauch,  to  which  reference  has  many  times  been  made  ;  and  the  equa- 
tions, taken  from  it,  that  are  needed  for  the  development  of  the  formulae  it 
is  now  proposed  to  find,  are  the  following  :  — 

17.    ]\i_,  U  +  2  ^f,  iu  +  0  +  ii/r+i  4  =  -  [%7^'  +  ^"^^'l  6  EI 

~~  UPaQ  —  a)  (/-!-«)_  Is  Pa  (/  —  a)  (21  — a). 
17a.  M,_,  U  +  2  M  (U  +  h)  +  il/.+i  h  =  -  l^-^^f^  -f  £i±ip£i]  6  EI 


20.  -F,=  ^=^[l/'  — J/+2P(Z— a)],and 

21.  Vi  =A'=-^  [il/—  M'  4-  2  Pa]  , 


in  which  the  several  characters  have  the  meanings  indicated  by  Fig.  16,  and 
the  schedule  given  below. 


Cr';i        a 


A  p_s 


Ar_. 


V 


Ir-, 
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Fig. IB. 
Y-. 

CrI 

IVI 


A'p- 


V 


iCr+i 
j 

'Mr+i 


V 


I'+l 


J/,,  J/,+1  &c.,  are  moments  over  the  supports,  at  left  hand  of  the  spans 

I,  4+1  &c. 
M  &  J/'  are  the  moments  over  the  left  and  right  hand  supports  at  either 

end  of  the  span  I. 
h  hy  ^r+i  &c.,  are  the  lengths  of  spans. 
<^r)  Cr+i  &c.,  are  the  ordinates  of  the  points  of  support  at  left  hand  of  spans 

^r)  ^r+1  &c.,  referred  to  the  axis  of  abscissae. 
E  represents  the  modulus  of  elasticity. 

/   repi'esents  the  moment  of  inertia  of  the  beam,  referred  to  its  neutral  axis. 
P  represents  a  load,  or  element  of  load,  within  the  span  /. 
2  P  indicates  the  summation  of  all  loads  P  between  0  and  L 
2P,  2  P,  &c.,  indicate  the  summation  of  all  the   loads  P,  in  the  spans 

4,  4+1  &c. 
a  is  the  distance  of  point  of  application  in  the  span  I  of  the  load  P,  from 

the  left  hand  support. 
?r)  ?r+i  &C-5  are  the  amounts  of  uniformly  distributed  load,  per  unit  of  length, 

in  the  spans  l„  Z^+i  &c. 
Vo  &  Vi  are  the  vertical  shearing  forces  at  0  and  at  I. 
A  Si  A'   are  the  parts  of  the  reactions  at  the  left  and  right  hand  extremities 

of  a  span  I,  which  are  in  equilibrium  with  the  loads  on  that 

span. 
2  P  (I — o)  means  the  summation  of  all  the  loads  in  the  span  I,  each  multi- 
plied by  the  distance  of  its  point  of  application  from  the  right 

hand  support;  and 
2  Pa,  the  same  sum  multiplied  by  the  distance  of  its  point  of  application 

from  the  left  hand  support. 

We  pass  now  to  the  development  of  the  general  formulse  required  for  the 
calculation  of  pivot  drawbridges. 
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§  9.  Equations  for  the  Reactions  of  a  Girder  continuous  over 
Three  Supports.  —  Fig.  17.    In  17,  above,  make  r=2,  r — 1  =  1,  ?--|-l=:3, 


t: 


Cs; 


A 


-h. 


FiE.I7. 


a  in  the  span  l^  =  ely,  and  a  in  the  span  /«  =  '2  —  9h-     ^^1  ^^^  ^^3  ^^^  ^^^^ 
^0,  the  ends  being  free  (not  walled  in).     Hence  17  becomes 


'2 
writing,  put  the  term    [£1^2  _|_  ^^ifal  QEI=y, 


For  convenience  in 
and  find  the  value  of  31^  '• 


28.     M, 


^1 f  2 

2(Z,  +  y 


2^ow,  from  20  and  21,  introducing  the  new  notation  as  just  now  in  17,  and 
making  M^  and  il/3  =  0  : 

29.  A  =  ^[]\I,  +  2P(l^-ek)\. 

30.  B  =  B^  +  B^  =  ^\_-M,^2Pel^  + 1. [_  il/,  +  2  Q^/Z J  . 

Substituting  the  value  of  M^  found  above  : 

1 ,.  „       „ .  „.        1 


32.     A^ 


n  '2 . 


33.    B  = 


2^(^i  +  y 
2P(l,-el,) 

r  +  1  2  Pel,  (/,2_e2  /,2)  +  i_  2  Qgl,  (l,'-g'l,') 
'1  '2 . 


2/1/2 
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■Y—i-r^  '  ""      "'"^      ^ 


34      n h. .'2 

,   2Q(/,-.7Q 


i-2 

Generally  1^  =  1.2  =  1,  and  the  points  of  support  are  on  a  level,  in  which  last 
event  Y  vanishes.     Then  after  a  few  changes  we  get : 

35.  A=2[-^(i-el5-e"-])]  -2  [|^(1_^^)], 

36.  ^=.2   [^e(3-0]  +2  [|-ir(3-r7^)], 

37.  C  =  2  [^(4_^[.5-^2])]  -2  [i^e(l-e2)], 

which  are  convenient  foi-ms  for  calculation.  If  further  e  =  (7  and  P^Q 
[equal  spans,  supports  on  a  level,  equal  panel  lengths  and  corresponding 
panel  points  equally  loaded]  : 

33.     A  =  C  =  ^P[1-'-^^]. 

39.     iJ  =  2P[c(3  — e2)]. 

For  uniformly  distributed  loads,  7^  in  span  l^  and  7,  ^^  span  l^,  for  F=0, 
i.e.  the  three  supports  on  a  level,  r  —  1  =:  1,  r^2,  and  ?--|-l  =  3,  M^^^ M.^  =  0 
as  before,  17a  would  become  : 

Similarly  Ave  should  have  for  values  of  ^,  i>,  and  C,  derived  from  20  and  21, 
substituting 

I  q^^  dx  (/j  —  x)  for  2  P  (l-^-a)  in  span  /j, 
0 


and     I  (^2  dx.  x  for  the  same  in  span  l^, 
0 


J  72  rf-^- 
0 

/h 
q^  dx.  X  for  2  Pa  in  span  Z^, 
0 

t 

and     I  ^2  dx  {l^  —  x)  for  the  same  in  span  /„ 

0 
40-     ^=-^[^^2  +  i7i^^]- 
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Or  substituting  value  of  31^  : 
43.    ^i^-l(<lih'  +  92k') 


+  llih- 


2(/i  +  y'i 

-  'l  '2 

These  are  sometimes  found  in  the  forms 

44„       p_?iV  +  5?i^i«^2  +  4gi/:^/./  +  4g2^i^/2^  +  5?2^iV  +  g2V 

8^1^2(^14-^2; 

45„  <^_3?2^2^  +  472^^2^-?l^l^ 

If  in  these  1^  =  1.2=:  I, 

46.  A  =  ^aQi-q-2)- 

47.  ^=^^7i  +  '72)- 

48.  C=^(7q,-q,). 

Finally  for  ^^  =  7.,  (equal  spans,  supports  on  a  level,  both  spans  equally  and 
uniformly  loaded)  : 

49.  A  =  C  =  iqL 

50.  B  =  y  ql. 

§  10.   Equations  for  the  Reactions  of  a  Girder  continuous  over 
Z/ l^ U , 


Fig.  IB. 


A  B  C  D 

FOUR  Supports.  —  Fig.  18.     Making  in  17,  r  first  =  2  and  then  =  3,  first  il/j 
and  again  M^  become  =  0,  and  the  equation  becomes 
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M,l,  +  2M,il,  +  l,)^-Y,-hQ!/iL-^-f)-^2Rz(l,-z)(2l,-z), 

'2  '3 

-^ — ~ + ~^ — ^   ^  -^^  ^y  ^'1 

"  ■    ^-\-^—, — ^     G  EI  hj  Y^,  replacing  also  the  general  load  P  and 

distance  a  by  P,  Q,  R  and  x,  y,  z  in  the  spans  ^j,  /o,  ^3,  respectively.     Solving 
these  equations  for  M.^  and  il/3,  we  obtain  : 

[>'i+-r2Px(/,2  +  a:^)+-i2  QK^,-y)  (2/,-2/)l  SC^.  +  y 

■  ''~  ^2— 4(^2  +  y    (/l  +  y 

[r^  +  f  2  Qy  (^2^-2/2)  +  l2i?2(?3-^)  (2  h-z)\  2  (/,  +  /,) 


52.     M,  = 


~  ~  ^2-^-4  (/,  +  /3)(/l  +  y 

Comparing  these,  we  find  that  the  first  quantity  enclosed  in  []  in  the  value 
of  M2  is  entirely  similar  with  the  second  quantity  enclosed  in  [],  in  the 
value  of  il/3,  and  that  the  same  similarity  occurs  between  the  second  term 
of  M.2  and  the  first  of  M^,  so  that  for  convenience  we  may  write, 

From  20  and  21,  making  il/j  =:  M^  =  0,  we  obtain 

56.     B  =  -l[_il/^4-2Px]  +l[_.l/^  +  il/3  +  2  Q  (/,-z/)]. 

^^-    ^  =  ^[^^2-^^8  +  2  Qz/]  +^^[-.1/3  +  272  (/3-^)]. 

58.    D  =  1[a/3  +  27?.]. 
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Substituting  the  values  of  il/^  and  M^  given  above,  and  reducing,  tlicse 
become  : 

59.     A—  -  ^^^  1-  ^^     -  -. 

60      P  -  '-  ^^  +  ^-^  ^^^  +  ^^>  ^^'  -  ^-  <^^i  +  '-^  (^-^  +  ^3)  +  ^  ^2]  V 
2Px       SQ(/,-y)       , 

Usually  Fj  and  F2  will  =  0,  the  supports  being  on  the  same  level,  I^z=I^z=I, 
/„  =  7nl,  x^=el,  l^  —  z  =  f/l,  and  Q  =^  0.     Under  these  conditions 

V  =  2Pe/2(l  — e-), 

U  =  1-  [m2  — 4  (1  +  ?«-)],  and 


63.  A  =  .pa-^)h-''.}'+"'l^'±fi] 

L  dm-  -\-Sm-\-  i    J 


■2i?^ 


(•J/H-  -|-  S  ?n  -|-  i) 


in  (o  m-  -\-  8  ?/i  -(-  4) 

•^  L     '  ?«  (o  ?;i^  -j-  8  7?i  -|-  "i)        -I 

(2  +  3m  +  m2)  (1  — c-) 


—  2Pe 


7rt  (o  ??i'-  -)-  8  /«  -|-  4) 
^        '^^  L  3  m-  -j-  8  ?«  4"  4     J 


3  in-  -j-  8  ?«  +  4 
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If  farther  the  loading  be  symmetrical,  that  is,  il  e=g  and  P  =  /?,  a  further 
reduction  is  possible  : 


67.     ^=I,  =  .P(l_,)[l_'i»'+3iliil] 

^  ■'   L  ij  m-  +  b  Hi  +  4  J 


63.     B^C  =  2Pe[l+<^+^^^n 

L     '     6  m-  -4- a  VI -4-4:  J 


-j-  8  m  +  4 


Similarly   for   uniformly   distributed    loading,    2  P   will    become  J  q^  dx, 

I.  '.  ' 

2  Q  ,f  q.,  dx,  2  R  ,  /  53  dx,  and  we  shall  have  from  formula;  59  -  62 : 

0  0 

[/,  Z,  +  2  (/,  +  /.,)  (/.,  +  /3)]  (1  q,  l-^  +  \q,  Ij) 

71  r-   (^3  +  Q(2^3+y    [i7l^^  +  i?2^/] 

_  [^1  ^2  +  2  (/l  +  /.)    (/.  +  ^3)]    (i  92  ^2^  +  i  73  13") 

72  n-^(^  +  Q[ig2^2^+l93y]-^2[i7l^^  +  i72^2^]      I      .  I 

AVheu  again  Z^  =  /g  =  /,  1^  =  ml  (in  for  drawbridges  would  be  a  proper  frac- 
tion), also  q.^  =  q^=±q: 

73  A-D-Ul[l-  2  +  "^  l_iw   ^"^li2+^)_ 

II       7     fi  J  '""  (~  +  "0        1 

+  i  72  ^-  L^  +  LHU^-f87M=l)-l  • 

Finally  when  q.^  =  q  and  m  =  1,  that  is  lj^  =  l.-^^l^  =  I, 

75.  ^  =  i)  =  ,.4^5^ 

76.  i>>=c=ii<z;. 

There  remain  to  be  developed  the  equations  for  the  very  peculiar  cases, 
when  two  of  the  supj)orts  are  themselves  supported  on  the  ends  of  an  iuflex- 
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iblo  body,  which,  iii  turn,  rests  upon  a  knife  edge  or  pivot  at  its  centre. 
(Fig.  19.)    It  is  evident  that,  for  equilibrium,  tlie  reactions  of  such  supported 


1, 


Fig.  10. 

I;        , 


B  +  C 


supports  must  be  equal.  An  incidental  quality  is  that,  when  such  supports 
are  not  symmetrically  loaded,  the  ordinate  of  one  support,  measured  from 
the  line  connecting  them  when  in  a  horizontal  or  symmetrically  loaded  posi- 
tion, equals  the  ordinate  of  the  other  measured  in  the  opposite  direction,  or, 
for  a  three  span  girder,  c.^^= — c^.*  The  calculation  of  the  equations  for  the 
reactions  under  these  conditions  is  tedious  but  not  difficult,  after  the  method 
to  be  followed  and  the  circumstances  to  be  talien  into  account  are  once 
clearly  imagined. 

§  11.  Equations  for  the  Reactions  of  a  Girder  continuous  over 
Four  Supports,  the  Two  Centre  Ones  resting  upon  an  Inflexible 
Body,  which  is  pivoted  at  the  Centre.  —  For  our  cases  of  unsym- 
metrical  loading,  we  must  make  Q=:R=^0.  We  then  have  the  main  con- 
dition of  equilibrium,  that  B:^  C  (see  fig.  and  equations  in  §  10). 


77. 

or 

also, 
78. 


ij  =  l[_il/^4_2Px]  +  l[il/3-il/J  =  l[.l/-J/3]-:^=C, 

1  2  2  3 


AT, 


2M,   ,  2il/„    ,  M. 


2Px 


=  T; 


79.     M,l,  +  2M,{l,  +  l,)^-r,. 


•2Px{l{-  —  x-)  =  R. 


80.     From  79,  J/.,  =  ^^ — f    -"'    ^  .     Substituting  in  78  and  finding 


value  of  il/o,- 


*  Tliis  is  exactly  true  when  the  pivot  is  situated  in  the  line  joining  D  and  C,  and  equi-distaut 
from  these  jioints.  There  is  no  ditiiculty  about  developing  the  equations  when  Cj  = — nc^,  or 
even/(c2)  =  — /(C3). 
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I  ji Of]    \  l\  S 

81.     il/g  =     ,'^   An''Al}<r/^/  ^•     Substituting  CO  in  77  will  give 

82      M= hh'h'r+(!2h  +  ^fih)S 

Make  now  /j  :=  Zg  =  /,  and  Z^  =  ml,  and  put  81  =  82,  we  get,  — 

83.  S  —  /t  =  ??iZ-  T".     Substituting  values  of  S,  11,  and  T,  we  get,  finally, 

84.  F2  —  i^i  =  y  2  Px  (Z^  —  a;2  +  mZ^-j , 
— Kj  =  —  r^^'s  +  ^S-^'l  °  -^^^  also  q  =  <^4  =  0,  and  Cj  =  -Cj  | 

85.  —  Fi  =  i-  2  Px  (Z^  —  x2  4-  7nP) 


But 
and 


1 


86.     — F2  =  —  —  -2Px  (Z-  —  a;2  4-  7«Z-).* 
Substituting  values  of  — F^  and  — F^  in  78  and  79,  and  reducing,  we  get, — 
'VTl^)  2Px(Z^-a;2)4-LJl_^L_  2Px 


87.     M,  = 


83.     Mo 


3  m=2  4-  8  Hi  4-  4 


^  3  «i2  ^  8  Hi  4-  4 

These  values  substituted  in  the  general  equations  ior  A,  B,  C,  and  D  (55-58) 
l_Q  =  R  =  0,  l.y^=l^z=zl,  1^=. ml']  give  finally,  — 

89.  A = -P+-)  ^ :;^;;-:i+ '- + ^ "'> ""'  ^ ^- + 1 . Pit-.). 

2 1^  {6  m^ -\- Q  m -\- 'i)  '     Z         ^         ' 

90      p_f._{^  +  rn)^Px{l^-x'^)       2  Px 
2Z3(3m^4-8»i4-4)      "^    2  Z  " 

QT  (2  +  »0  SPx(Z^  — x'^)4-(2  4-3m)?nZ2  2Pa: 

2  Z3  (:j  mi  4-  8  m  4-  4)  ' 

and  ^  4-  J5  4-  C  4-  i)  =  2P,  as  they  should. 

To  bring  these  equations  to  the  same  known  quantities  as  equations  63-66, 

we  have  but  to  substitute  el  for  x. 


*  From  the  values  of  I'l  and  Y^,  in  terms  of  c,  m,  and  /,  and  the  same  values  in  terms  of 
2  Px,  m,  and  /,  the  value  of  c  can  readily  be  found,  but  it  will  contain  the  term  E/. 
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§  12.  Equations  for  the  Reactions  of  a  Giudeu  continuous  over 
Three  Supports,  the  Two  Right  Hand  Ones  iu<:sting  upon  an  In- 
flexible Body,  which  is  pivoted  at  the  Centre.  —  Taking  again 
for  our  case  of  unsymmetrical  loading  Q  =i  0,  /^  =  /,  /j  =  '"^  ^''^  have  for 
the  main  condition  of  equiUbriuni  i>'=  C,  or 

![- J/,  +  .Px]  +i[-J/J  -i[3/J  =  0,  or 

92.  il/.,=         ,    ,  .     Also, 

m  -\-  '1 

93.  2  Mo  (I  -\-  ml)  =  —  Y—  i-  2  Px  (F  —  x'-) ,  or 

—  Y—^2Px(P  —  x-) 

94.  31.,= From  92  and  93, 

^  2  /  (1  +  m) 

2  /  (1  +  m)  m  2Px-\-  ^^^-t^  2  Px  (P  —  x^) 

95.  —Y=  : 

m-\-2 

Substituting  in  93, 

Vi 

96.  M.2  =  — -j— ^  2  Px,*  and  substituting  this  in  the  general  equations 
for  A,  n,  and  C  (29-31). 

and  A  -\-  B  -\-  C  is,  as  it  should  be,  equal  to  2  P. 

Again,  substituting  el  for  x,  we  obtain  A,  B,  and  C,  in  terms  of  the  same 
known  quantities  as  in  equations  35-37. 

§  13.  In  a  Girder  continuous  over  Four  Level  Supports,  the 
Two  Centre  Ones  Pivoted  (same  as  in  §  11),  to  find  what  Loading 
uniformly  distributed,  added  to  a  given  Loading  uniformly  dis- 
tributed over  the  Span  AB,  will  make  D  =  0.  —  We  had  for  the 
unsymmetrical  load  (91), — 

(2  -f  m)  2  Px  (l^  —  z^}  4-  (2  -I-  3m)  ml"  2  Px 

~  2l^{3m'-\-Sm-\-i) 


*  Being  the  same  as  found  (93),  which  shows  that  the  principles  of  the  lever  alone  suffice  in 
this  instance,  and  that  these  principles  are  but  a  special  case  of  those  of  the  elastic  line. 
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I 

For  uniform  loading  over  the  whole  span  AB,  we  must  substitute y"'/i  dx 
for  2  P,  which  gives,  — 

— t— '?i^'  +  (-  +  ^'")"'^^T 

99.     D=.  — , — ; —  =  unsymmetrical  D. 

2  I'  (3  //j-^  -}-  8  HI  +  4)  ^ 

From  70,  with  72  =  7,  we  have, — 

The  Condition  is  that  unsymmetrical  Z) -|- symmetrical  D  shall  equal  0,  or 

g±i^\.;.  +  (a  +  3„,),„,.^     ,  ,r.  (2  +  ,„)       1 

2/3(3?w«  +  8m  +  4)  ^9   [        2  (3m^-l- 8hi  +  4)J 

m8(2  +  »i) 
2^  2(3m'^  +  8m  +  4)' 

from  which  is  found, 

o,  (2  +  5  m -|- Gm^)  ..  ,      ,  .,      „ 

101.  0  =  ^— 777— r^ ,  - ^ — t-TT — :r — r> — 5 r^  =  uniform   load   per   unit  of 

^       2  {b -\- lo  m -\- b  7n^  —  2  m^  —  m*) 

length  over  all  three  spans,  necessai;y  to  make  i>  =  0,  when  span  AB  is 

loaded  with  ^j  per  unit  of  length  in  addition  to  7,  and  the  supports  are  in 

the  condition  above  stated. 

§  14.  In  A  Girder  continuous  over  Two  Unequal  Spans,  to  find 
WHAT   Loading   uniformly  distributed,    added   to   a  given   Load 

UNIFORMLY    DISTRIBUTED     OVER     THE     SpAN    AB,    WILL    MAKE     C=0. 

We  had  (-ISa),— 

~  ^l^i'i  +  l.) 

For  q.^  =  0,  or  unsymmetrical  loading,  and  I.2  =  7nl.  we  have 

102.  Unsymmetrical  C  =  —  -x — ^.—, r. 

*'  8  m  (1  -|-  m) 

For  q.^=:iq.2  =  q,  or  symmetrical  loading, 

-^^      c  i-     1  ^       3  ql m^ -\- i  ql  m^  —  ql  ... 

103.  oymmetncal  C  =  — - — — YV-L — n  >  or  putting 


8m(l 


q.l  Sqbn^-^iqlm^ — ql  . 

nS V  +  -     o     /I    I — ; — -  =  0.  we  obtain, 

1-j-m)    '  8  m  (1  -}-  ni) 


9i 


104      0= ~ . 
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PART  III. 

§  15.  Numerical  Example.  (See  Plate  I.)  —  Loading.  The  assumed 
dead  load  of  each  truss  (which  is  in  3  spans  of  90,  20,  and  90  feet,  and  made 
continuous  over  them  all)  is  taken  at  1000  lbs.,  the  snow  load  at  200  lbs., 
and  the  live  load  at  liOO  lbs.  per  lineal  foot.  Each  panel  is  18  feet  long, 
except  the  centre  one,  which  is  20  feet  long.  The  above  loads,  concentrated 
at  the  panel  points  and  points  of  supjDort,  are  as  follows,  in  tons  :  — 


Over  each  end  support  . 
At  each  panel  point  .  . 
Over  each  centre  support 


4.5  tons  dead  load. 
0.9  tons  snow    ,, 
G.3  tons  live       ,, 

9.0  tons  dead  load. 

1.8  tons  snow    ,, 
12.6  tons  live      ,, 

9.5  tons  dead  load. 

1.9  tons  snow    ,, 
13.3  tons  live       ,, 


Lever  Arms*  for  the  First  System  (in  feet). 


Ul^2 

19.929 

Lx 

18.5 

Sr 

172.01 

T, 

184.02 

u^^. 

22.92 

L2&.3 

21.5 

s. 

211.02 

T, 

222.43 

u. 

25.909 

Li  1,5 

21.5 

Ss 

251.4i 

P-2 

00 

u. 

20. 

L, 

2G. 

Pi 

222. 

T, 

cc  sin  (j> 

Lever  Arms*  for  the  Second  System  (in  feet). 


f^24  3 

21.425 

L^&.2 

20. 

s^ 

191.77 

T, 

1G5.01 

C^4fc5 

24.414 

■^3&4 

23. 

s. 

231.52 

Tn 

203.17 

u. 

26. 

L,kL, 

2G'. 

T, 

241.72 

Formulce  for  the  Reactions.  —  For  our  case  m=.^.  Substituting  this  in 
the  equations  for  reactions,  and  making  e  ^  g  =  k,  they  reduce  to  the 
f  ollowinsr :  — 


*  See  Plato  II. 
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Formulae  for  four  level  supports  ;  spans  i  ^  ^=  ^  ==  ^  (^  — 11  ^ -f-  '^  ^'O* 
AB  and   CD   symmetrically   loaded,  ^ 
from  67  and  68,  \  B=C  =  ^  (11  it  —  3  k^). 


Formulae  for  four  level  supports  ;  span 
AB  only  loaded,  from  63-66, 


If 

80" 


(80  — 113/1-1-33A.-3). 


:Yf(55Z;-39^-3). 


33 

Hi 


^P(k  —  k^). 


D=~2Pik-k^). 


2P 

80 


(SO  — 91  ^•  + 15^-3). 


Formulae  for  four  supports,  when  B  and 

C    are     "pivoted"     and    AB    on\y 4  B=C  =  ^  (Ilk— ^k^). 
loaded,  from  89-91, 

Z)  =  -|^(19I— 15F). 


Formulae  for  three  supports,  when  iS 
and  C  are  "pivoted"  and  AB  only 
loaded,  from  97-98, 


4  =  ^(10-9^), 


B^C  =  ^-sPk. 


In  all  cases  A  -\- B -\-  C -\-  D  =  -2  P,   except  the   first  written,    when 
jl  -\-B-\-C-\-D  =  2  2P,  as  it  should. 

Example.  —  Snow  load  in  the  first  system  :  — 

P  =  1.8kk  =  .2;  P  =  l.Skk  =  .Q;  P  =  1.Q  Sik  =  l 
.-.  byfirstformula,  ^=Z>  =  1.8X.984  =1.7712 

B=C=1.8X  1.016  +  1.9  =  3.7288 

Snow  load  in  the  second  system  :  — 

P  =  0.9&/t  =  0;  P  =  1.8&/l-  =  .4;  P  =  1.8&I-  =  .8 

.-.  by  same  formula  as  above  : 

A=D  =  l.S  X  .566  +  0.9  =  1.9188 
5=  C  =  1.8  X  1.434  =2.5812 

The  reactions  of  the  girder,  for  the  several  cases  given  in  Part  I.,  and 
found  in  a  manner  similar  to  the  above,  are  given  in  the  following  Table  :  — 
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Slrain  Sheets.  —  (See  Plates  III. -IX.)  The  figures  represent  resultant 
strains  in  tons  of  2,090  lbs.  (-{-)  means  tension,  ( — )  means  compression. 
To  abbreviate  calculation,  the  dead  load  has  been  taken  as  though  it  were 
concentrated  at  the  lower  panel  points  ;  it  is  more  exact,  and  in  principle 
just  as  easy  to  follow  out,  to  take  the  own  weight  as  divided  into  two  main 
parts,  (1)  that  of  the  truss,  and  (2)  that  of  the  roadway  platform,  and  each 
as  though  applied  at  that  part  of  the  skeleton  outline  of  the  bridge  at  which 
it  is  applied.  A  close  approximation  is  to  take  the  platform  weight  -\-  ^ 
weight  of  truss,  at  lower  panel  points,  and  i  weight  of  truss  at  upper  panel 
points  in  "  through  "  bridges  ;  reverse  this  arrangement  hi  "  deck  "  bridges, 
and  other  combinations  will  readily  suggest  themselves  in  their  proper  places. 

To  illustrate  the  manner  in  which  these  Strain  Sheets  have  been  calcu- 
lated, the  computation  for  Case  II.  is  next  given,  worked  throughout  strictly 
according  to  Hitter's  method,  although  for  chord  members  another  way  may 
sometimes  be  shorter,  as  alluded  to  in  Part  I. 

Equations  for  finding  the  Strains  in  the  several  members  of  the  Draw,  loaded 
and  supported  {that  is,  reacted  on)  as  in  Case  IT.  —  By  making  the  proper 
substitutions  for  loads  and  reactions,  all  the  other  cases  can  be  calculated 
according  to  the  same  formulae.*  Tiie  centre  panel  diagonals  are  made  to 
take  tension  only;  when  the  resultant  strain  on  one  of  them  comes  out  minus 
therefore,  neglect  that  diagonal,  and  make  the  calculation  over  again  [for 
that  and  for  such  other  members  as  depend  upon  such  change],  supposing  now 
only  the  other  diagonal  in  place.  All  other  members  are  made  to  take  either 
the  compression  or  extension  that  they  may  be  called  upon  to  withstand. 

FIRST    SYSTEM. 

?7i&2   X  19.929  +  14.17  X  18  =  0. 

f/3&4   X  22.92   +14.17  X  (3X18)— 23.4  X  (2X18)  =  0. 
U^         X  25.909  +  14.17  X  (5  X  18)  —  23.4  X  [(2  +  4)  X  18]  =  0. 
f/e         X2G.        +  14.17  X  [(5  X  18) +  20] +  (57.33- 24.7)  X  20 
—  23.4  X  [((4  X  18)  +  20)  +  ((2  X  18)  +  20)]  =  0. 

—  ii  X  18.5+14.17  X  0  =  0. 

—  i2&3  X  21.5  + 14.17  X  (2X18)— 23.4X18  =  0. 

—  X4&5  X  24.5  +  14.17  X  (4  X  18)- 23.4  X  [(1  +  3)  Xl8]  =  0. 

—  L^  X  26.    +  14.17  X  (5  X  1&)  —  23.4  X  [(2  +  4)  X  18]  =  0. 

*  The  several  equations  have  been  written  out  in  full,  and  without  the  slightest  attempt  at 
reduction;  on  the  contrary,  all  the  elements  of  each  term  have  been  conspicuously  written  and 
separated,  so  as  to  enable  any  one  to  follow  the  process  of  evolving  the  equations  for  each  mem- 
ber in  any  case.  In  practice,  no  one,  after  doing  a  single  day's  work  according  to  Hitter,  would 
need  to  write  out  any  equations  as  fully  .as  done  here,  and  for  most  members  would  not  write 
them  out  at  all,  unless  indeed  "  in  his  mind's  eye." 
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Si  X  172.01  — 11.17X222  =  0. 

—  72  X184.02  — 14.17  X  222 +  23.4  X  (222 +  18)  =0. 
.Sg  X211.G2  — 14.17  X222  +  2:].4X  (222  +  l«)  =  0. 

—  7\  X  222 .  43  —  M .  1 7  X  222  +  23 . 4  x  [ (222  +18)  +  (222  +  (3  X  1 «) )  ]  =  0. 
S,  X  251 .44  - 14.17  X  222  +  23.4  X  [(222  + 18)  +  (222  +  (3  X  IS))]  =  0. 

-Pi  =  A. 

—  Pa  X  [222+(5Xl8)]  — (57.33  — 24.7)  X  [222+ (5X18)]  — 14.17  X  222 

+  23.4X[444+(4X18)]=0. 

Tesin^oo- 14. 17X00 +  23.4  X  o=  +  23.4x  oo— (57.33  — 24.7) X  co=0, 

where  cf)  is  the  angle  Tg  makes  with  the  horizontal. 

26 
.-.  Sm</)  =p-g^,  and  dividing  by  <x: 

^6  X  32^  -  14.17  +  23.4  +  23.4-32.63  =  0. 

SECOND    SYSTEAI. 

U2&Z   X  21.425+ (15.35  —  11.7)  X(2Xl8)=0. 
C^4&5   X  24.414  + 3.65  X  (4  X  18)  -  23.4  X  (2  X  18)  =  0. 
U^         X  26  +  3.65  X  [(5  X  18)  +  20]  +  43.15  X  20 
—  23.4  [((3  X  18)  +  20)  +  (18  +  20)]  =  0. 

—  L1&2   X20  +  (15.35  — 11.7)  X  18  =  0. 

—  Ls&i   X23+     3.65  X  (3X18)— 23.4X18  =  0. 

—  ig  X  26  +  3.65  X  (5  X  18)  -  23.4  [(3  X  18)  +  18]  =  0. 

—  ^6  X  26  +  3.65  X  [(5  X  18)  +  20]  —  23.4  [((3  X  18)  +  20)  +  (18  +  20)] 

+  43.15  X  20  =  0. 

—  Tj  X  165.01  —  3.65  X  222.  =  0  [or,  revolving  about  second  load  point : 
+  r^  X  ^36^  — 26.907--^  +  3.65  X  36  =  0]. 

S.;,   X  191.77  —  3.65  X  222  =  0. 

—  7*3  X  203.17  —  3.65  X  222  +  23.4  X  [22-2  +  (2  X  18)]  =  0. 
S^   X  231.52  —  3.65  X  222  +  23.4  x  [222  +  (2  X  18)]  =  0. 

—  7^5X241.72- 3.65x222+23.4x[(222+(2xl8))+(222+(lXl8))]  =  0. 

—  P2  X  [222  +  (5  X  18)]  —  3.65  X  222  +  23.4  [444  +  (6  X  18)] 

—  7^5X241.72  — 43.15  X  [222  +  (5  X  18)]  =0. 

Te  sin  (f>  —  3.65  +  23.4  +  23.4  —  43.15  =  0. 

The  other  half  girder  must  be  made  symmetrical,  or,  if  desired  (in  the 
latched  cases),  can  be  calculated,  either  by  continuing  to  make  the  supposed 
sections  in  the  order  of  procedure  from  left  to  right,  always  introducing 
reactions  as  though  they  were  merely  minus  loads  (which  is  all  they  are), 
or  by  taking  sections  anew  in  the  order  of  from  right  to  left. 
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In  this  way  have  been  found  the  strains  in  Plates  III. -IX.,  and  tabulated 
in 'Table  (.1),  p.  4t4.  Observe  that  the  centre  panel  diagonals  present  a 
peculiar  feature :  the  diagonal  in  service  is  a  different  one  for  the  cases  (a) 
and  (i),  and  has  a  different  value  for  the  two,  but  each  diagonal  has  the 
same  value  whether  in  ///.,  IV.,  or  V.  A -\-  B  is  constant,  in  pivoted  as 
well  as  fixed  centre  support  draws  : 

In  the  first,       A  -\-  B  <.  loads  on  AB. 
In  the  second,  A  -\-  B"^  loads  on  AB. 

A  careful  study  of  this  table  will  prove  instructive  also  as  to  choice  of  kind 
of  supports  for  drawbridges.  The  table  is  not  complete,  however;  there 
should  be  added  the  strains  for  the  cases  where  there  is  no  snow  load,  espe- 
cially for  Case  IV.  (ft),  and  in  the  span  CD.  These  may  be  obtained  in  two 
ways  :  (1)  we  could  get  the  new  reactions,  by  subtracting,  for  each  support, 
the  reactions  produced  there  by  the  snow  load  from  those  already  found,  and 
then  proceeding  in  the  calculation  of  strains  as  before,  or  (2)  by  finding  first 
the  strains  produced  in  each  member  by  the  snow  load,  and  then  algebrai- 
cally subtracting  these  strains  from  those  already  found  in  the  corresponding 
members.  The  snow  strains  are,  however,  of  two  kinds  ;  once  when  the 
weight  of  the  snow  is  all  carried  by  the  centre  supports,  and  again  when  the 
truss  carrying  the  snow  loads  rests  on  4  level  supports.  The  first  mentioned 
snow  strains  obtain  in  Cases  I.  and  III.  (b),  and  must  also  be  subtracted  to 
get  the  strains  without  snow  in  Cases  V.  (a)  and  (b) ,  whenever  the  end  re- 
actions without  snow  are  to  be  the  same  they  were  with  snow.  (In  Cases 
V.  («)  and  (6),  it  will  be  remembered,  the  end  supports  are  lifted,  just 
enough  to  prevent  the  end  reactions  from  ever  becoming  less  than  a  chosen 
plus  quantity.)  For,  the  end  reactions  remaining  the  same,  the  centre 
reactions  only  can  have  diminished,  and  must  have  diminished  by  just  the 
weight  of  the  snow  ;  and  the  strains  can  have  diminished  algebraically, 
only  by  the  strains  produced  by  these  two  centre  reactions,  together  equal 
to  the  snow  load,  acting  as  opposed  to  the  several  panel  snow  loads. 
Another  view  would  be  this  :  we  had  made  s,  the  part  of  the  own  weight 
that  was  carried  on  the  4  supports,  instead  of  on  only  the  central  ones,  just 
large  enough  to  securely  keep  the  light  end  from  I'ising  in  the  event  of 
maximum  imsymmotrical  loading.  If  now  the  snow  melts  off,  it  will 
render  the  light  end  insecure,  and  enough  additional  s  must  be  taken  , 
oiit  of  the  own  weight  to  restore  the  original  end  reactions  ;  that  is,  the 
new  s  must  =  old  s  -[-  snow.  The  process  is,  the  snow  is  removed  from 
the  4  level  supports,  then  a  weight  equal  to  it  is  taken  off  of  the  centre 
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mcnt-curvcs,  of  vertical  and  horizontal  shears,  points  of  contrary  flexure, 
and  other  paraphernalia  Avhich  usually  accompany  treatises  on  cor.tinuous 
girders. 

To  calc  te  the  absolute  maxima  and  minima  strains  in  the  members  of 
a  continuous  panel  girder  by  the  method  that  has  been  followed,  the  process 
would  be  like  this  :  — 

First  find  the  strains  in  each  member,  under  the  own  Aveight  of  the 
bridge. 

Next  find  the  strains  in  each  member  for  the  maximum  panel  live  load 
on  the  first  panel  pgiiit,  all  the  rest  of  the  bridge  being  suj)posed  to  be 
without  weight  and  unloaded. 

Next  place  the  panel  live  load  on  the  second  panel  point,  the  rest  of  the 
bridge  being  sujiposed  to  be  without  weight  and  unloaded,  and  so  on,  for 
each  panel  point.  By  tabulating  the  strains  thus  found  for  each  member  of 
the  bridge,  a  clear  oversight  will  be  gained  over  them.  Then  summing  up 
all  the  minus  strains  liable  to  occur  in  any  one  member,  with  the  strain  due 
to  the  own  weight,  will  give  the  maximum  }ninus  strain,  and  summing  up 
its  plus  strains  with  the  same  will  give  the  maximum  plus  strain  that  can 
come  upon  it  by  any  possible  combination  of  loads  on  the  bridge. 
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APPENDIX. 


LIST  OF  BOOKS  AND  ARTICLES  IN  TECHNICAL  JOURNALS,  RE- 
LATING TO  THE  SUBJECT  OF  CONTINUOUS  GIRDERS  (IN  PART 
OR  IN  WHOLE),  IN  THE  GERMAN,  FRENCH,  AND  ENGLISH 
LANGUAGES,  1851-1874. 

[Without  wishing  to  presume  the  part  of  an  adviser,  tlie  writer  yet  offers  the  opinion  that 
the  starreil  worlvs  are  especially  to  be  reconiniendert  to  those  desirous  of  further  pursuing  the 
subject  of  Continuous  Girders.    The  annexed  list  is  doubtless  incomplote.] 

*Wei/muc}i,  Dr.  Phil.  Jacob  T.,  Ingenieur,  &c.  AUgemeine  Theorie  und 
Berechnung  der  Continuirlichen  und  Einfachen  Trager.  Leipzig:  B.  G. 
Tcubncr.     1873. 

*Ritter,  Aurjust,  Prof.  &c.  Elementare  Theorie  und  Berechnung  ciscrner 
Dach-  &  Briicken-Constructionen.  (Contains,  amongst  other  matters,  a 
peculiar  i/«(/ of  continuous  girder.)     Hannover:  Carl  Riimpler.     1873. 

*Laiss[e  Sf  ScliueUcr.  Der  Bau  der  Brlickcn-Trager.  Stuttgart:  Paul  Neff. 
2  vols.  1809  &  1870.  (This  work  has  also  appeared  in  a  French  trans- 
lation.) 

Winkler,  Dr.  E.     Elasticitat  und  Festigkeit.     Prag  :  H.  Dominicus.     18G7. 

Zeitschrift  des  Akciit.  &  Ing.  Vereix  zu  Haxxover. 

*Molir  (now  Prof.  &c.  in  Stuttgart) 18G0,  18G2,  &  18G8. 

Kdpke,  C,  Ingr.  &c 185G  &  18.37. 

Zeitsciiuift  fur  Bauwesen,  Berlin. 

Quemel,  0 1865. 

Schwedler,  J.  W '. 1SG2. 

Winkler,  E.  0 1800. 

Zeitschrift  des  Oestr.  Archt.  &  IxG.  Vereix. 
Winkler,  Prof.  &c 1872. 

Der  Civil  Ixgexieur. 

Frankel,W 18G8,  p.  271. 

. 1800,  Heft  3  &  4. 

Hallbauer 1858,     ,,     5  &  G. 

1858,     ,,     2. 
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ZeITSCIIRIFT    DFS    VeUEIXS   DEUTSCnER    IXGENIEURK. 

Grasliof 1857.. 

Zeitsciirift  des  Bayerischen  Arciit.  &  Ing.  Vereix. 
Gerber.     (A  Patent  Continuous  Girder.) 1870. 

Allgemeixe  Bauzeituxg. 
Schmidt,  Ileinrich 1868. 

De  Montdesir.     (Strains  in  Continuous  Trusses  of  Iron  Bridges.) 

2d  Ed 1873. 

*Bresse.     Cours  de  Mecaniquc  Appliquee.     1"  &  3""°  partie.     Paris. 

1859  &  1865. 

AxxALES  des  Poxts  et  Chausees. 

*Renaudot 18G6,  p.  311. 

Pierre 1871,  p.  44. 

AUmret 1806,  p.  53. 

"  COMPTES    ReXDUS." 

Clapeyron Dec.  1857. 

Molinos  &!'  Pronnier.     Construction  des  Ponts  Metalliques.     Paris.     1857. 

Axxales  des  Travaux  Publics  de  Belgique. 

De  Clerq 1855-56. 

{^Navier.     Resume  des  Lemons  donnees  a  I'Ecole  des  P.  &  C.  &c. 
2d  Ed.     Paris.     1833.] 

MiXUTES    OF    THE    PROCEEDINGS    OF    THE    IxST.   CiV.  ExGRS. 

Bell,  W. Vol.  32,  p.  171. 

*Stoney,  E.W ,,     29,  p.  382. 

*Heppel,  J.  M.        ,,     19,  p.  625. 

*Biirlon,  James        ,,     14,  p.  443. 

Contains  a  description  of  the  celebrated,  and,  considering  the  time  it  was 
built,  wonderfullij  perfect,  Boyne  Bridge  at  Drogheda,  Ireland,  3  contin- 
uous spans  of  141,  267,  and  141  feet,  opened  for  traffic,  double  track 
R.R.  ,in  April,  1855. 

Pole,  W Vol.  9,  p.  261. 

Hemans,  G.  W. ,,     3,  p.  65. 

The  Phii.osophicai.  Magazixe,  Loxdox. 
*Heppel,  J.  M. Vol.  40,  p.  416. 

Stoney,  B.  B.     Theory  of  Strains  in  Girders,  &c.     London:  Long- 
mans, Green,  &  Co 1873. 

Rankine,  W.  J.  M.     Civil  Engineering pp.  287-292.  ■ 

Humber,  William.     Strains  in  (Jirders.     Am.  Ed.     New  York:  Van 

Nostrand 1870. 
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Clark,  Edwin.     Brittania  and  Conway  Tubular  Bridges.     London.     1850. 
Moseley,  Henri/.     Mechanical  Principles  of  Engineering  and  Architecture 

(1840-42).     Am.   Ed.     By  D.   li.   Mahan,   Professor  at  West  Point. 
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